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CHEMISTRY EDUCATION IN THE BALKAN REGION: TRENDS, CHALLENGES AND 
OPPORTUNITIES 


Dusica D. Rodic¢, Sasa A. Horvat 
University of Novi Sad, Republic of Serbia 


According to the European Commission, education, science, technology, research and innovation are a pre- 
requisite for achieving a sustainable EU economy. EU leaders have agreed to work towards a European Education 
Area by 2025 to take full advantage of education, training, and culture (EU, 2019). Scientific literacy takes center stage 
in major reforms in education and is often presented as a key goal of science education. This is due to the idea 
that scientific literacy could be a prerequisite for the economic survival and technological development of the 
society, at least if judged by the research based on correlations between large-scale international testing results 
and country's economic prosperity level (Hanushek & Woessmann, 2010). Chemical literacy presents a significant 
constituent part of scientific literacy, given that the use of various chemicals plays a vital role in our daily lives 
whether we are talking about food, medicine, clothing or climate change. 

The action against social exclusion and poverty is of particular importance to countries of the Balkans, as mitigat- 
ing poverty and social exclusion is one of the key challenges in this region (Dzuni¢ et al., 2015). Another challenge in 
education in the Balkans is the structure of the population in identity, culture and historicity, ethnicity, language 
and religion, which makes it interesting for educational research. Over the years, the Balkans region has been 
continuously struggling to attain a similar level of development as the majority of its neighboring countries. For 
this region to develop in terms of economic growth and social achievement, substantial reforms in educa- 
tion are needed. 

Considering both the importance of chemical literacy and the current state of science education in countries 
of the Balkan region based on the results of international testing (OECD, 2007; 2010; 2013; 2016; 2019) it is clear 
that research on student learning of the topic is necessary and provides endless research opportunities. 

Therefore, this special issue collects research papers that explore challenges and issues of teaching chemistry 
in countries of the Balkan region and propose methods to improve students’ interest and motivation for learning 
chemistry. In this issue, five studies of researchers from four Balkan countries are described (Greece, Serbia, 
and Turkey). It is interesting to note that these studies included participants from all three levels of education. 
Researchers from Greece examined the influence of various factors on students’ motivation to study chemistry 
and physics. Research conducted in Serbia took place in several directions: (I) the students’ views on the ap- 
plication of one specific responder system in the teaching of chemistry were examined; (II) the effectiveness of 
the application of inquiry- and project-based learning on the development of entrepreneurship competencies 
were investigated; (Ill) the effectiveness of the context-based approach, which included interesting activities as 
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part of the field trip, was examined. Finally, a study conducted in Turkey dealt with chemistry textbooks and the 
features of the periodic table they contain. 

Based on these contributions it is possible to draw several general conclusions. Namely, understanding some 
chemical concepts can be improved using context-based approach and special activities within it. Students’ interest 
and motivation for learning chemistry can be improved by using mobile applications and responder systems as well 
as modern approaches to learning such as: particulate drawings, project teaching and inquiry-based teaching. In 
addition, research has shown that the academic experience gained during tertiary education had a huge effect in 
motivating students to learn chemistry or physics compared to those in secondary education. Interestingly, research 
has shown that teachers favor the use of chemistry textbooks with less detailed and simpler illustrations, although 
they like to show students illustrations with all the data first and later use more sequenced ones. 

As directions of future research, it is recommended to apply effective techniques such as eye-tracking, planning 
more effective field trips and practical classes, in order to foster understanding of chemical concepts and increase 
students’ motivation to learn chemistry. Increasing the number of respondents of different grades and classes in 
research will result in better and more valid results and it is certainly something that should also be pursued. 
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Abstract. Periodic table is an important 
tool of chemistry for understanding the 
structure, function, and properties of the 
elements. Periodic table representations 
given in upper-secondary school chemistry 
textbooks are critical as they introduce 
chemical concepts. This study aimed to 
explore the features of periodic table 
representations given in Turkish upper- 
secondary school chemistry textbooks 

and the opinions of chemistry teachers 
who were using these textbooks in 

their classes. This qualitative study was 
composed of two stages. In the first stage, 
seven different upper-secondary school 
chemistry textbooks commonly used in 
Turkey were selected and analyzed by 
content analysis based on five criteria; 

type, content, portrayal, periodic trends, 
and color, emerged from the data. In the 
second stage, interviews were conducted by 
seven chemistry teachers who were actively 
using these textbooks in their classes. The 
results showed that generally teachers liked 
the basic, color-coded, recent, accurate 
periodic table representations to introduce 
the concepts. While teaching, they mostly 
preferred to show a complete periodic table 
first, and then the segmented ones. For 

the periodic trends, they agreed to include 
numerical values on the periodic table for 
letting students make sense of these values 
instead of having arrows that may cause 
memorization. 


Keywords: Turkish chemistry textbooks, 
periodic table representations, periodic 
trend, chemistry education 
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PERIODIC TABLE 
REPRESENTATIONS IN TURKISH 
UPPER-SECONDARY SCHOOL 
CHEMISTRY TEXTBOOKS AND 
THE CHEMISTRY TEACHERS’ 
OPINIONS ON THEM 


Sevil Akaygun, 
Ebrunur Arkun 


Introduction 


Textbooks have been essential materials used at every stage of edu- 
cation. Most probably, chemistry teachers still refer to multiple chemistry 
textbooks before preparing lesson materials. Similarly, many students still 
refer to their textbooks when they study for their exams or work on their 
assignments. Despite the accelerating role of educational technology, text- 
books are still the main actors of learning all around the world (Bakken & 
Andersson-Bakken, 2021; Ferreira & Saraiva, 2021; Lepik et al., 2015; Okan & 
Kaya, 2022; Vojir & Rusek, 2021). Many students and teachers intensely refer 
to textbooks as they are found to be durable, reliable, and easily accessible. 
This situation brings the issue of the importance of being selective and care- 
ful while using textbooks for teaching and learning purposes. Not only the 
content but also the visualizations included in textbooks have been often 
subject to study as they may be helpful for conceptual understanding, or 
they may cause misconceptions. 

One of these types of content in chemistry is the periodic table representa- 
tions used in upper-secondary school chemistry textbooks. Representations are 
defined as specialized symbol systems particularly in chemistry, such as reac- 
tion equations, molecular structure diagrams, graphs, and three-dimensional 
(3D) computer model diagrams, charts, equations, and formulas along with 
words, photographs and illustrations, educational technologies—video and 
computers (Kozma & Russel, 1997). The year 2019 was the International Year of 
the Periodic Table as it was the 150" anniversary of the generation of periodic 
system by Dimitri Mendeleev, hence it was remembered one more time how 
important the Periodic Table was in learning chemical concepts. Even though 
the periodic table seems to be a symbolic representation, it includes abstract 
concepts that may be difficult for students to visualize, and thus to understand 
(Avci & Tasdemir, 2019). Therefore, while teaching periodic table, various tools 
including visualizations (Avci & Tasdemir, 2019), games (Alexander et al. 2008; 
Marti-Centelles & Rubio-Magnieto, 2014), digital applications (Avci& Tasdemir, 
2019; Eymen & Tas, 2017), tasks requiring the implementation of problem- 
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solving strategies (Tothova et al., 2021) have been used. Yet, these techniques and tools may not be available for many 
students and may not have been experienced by many teachers. Therefore, it would be important to take a closer 
look at the textbooks and how they represent periodic tables as they are accessible by all the students. In addition, 
the ones published by the Ministry of Education in Turkey are distributed with no charge. 

Despite the existence of different tools and techniques that may be included in the instruction, in many coun- 
tries teachers heavily rely on and plan their classes according to the content of the textbooks (Aldahmash et al., 
2016; Lepik et al., 2015; Sanchez & Valcarcel, 1999). Therefore, it is important to determine the views of chemistry 
teachers on the periodic table representations given in the textbooks since they would be using them actively in 
their classes. 


Literature Review 


Within the area of chemistry education, recent research studies investigating chemistry textbooks have focused 
on several aspects conveyed in textbooks including chemical representations (Akaygun, 2018; Demirdogan, 2017; 
Farida et al., 2018; Upahi & Ramnarain, 2019), usage of analogies (Sendur et al., 2011), assessment and evaluation 
approaches (Gultekin & Nakiboglu, 2016), the acquisition of content and scientific skills (Koray et al, 2006; Sen & 
Nakiboglu, 2012), science textbook tasks (Bakken & Andersson-Bakken, 2021; Vojir & Rusek, 2022), textual and 
non-textual explanations (Meyer & Pietzner, 2022) and the practical work representations (Chen & Eilks, 2019). It is 
important for chemistry educators to know how each of these aspects are given in the textbooks for future planning. 

Being an important tool for learning, the analysis of chemistry textbooks with respect to various aspects has 
been conducted in different countries. Ahtineva (2005) analyzed chemistry textbooks used in Finland in terms of 
activities and context and reported that the quality of textbooks affected the motivation for learning. Chen and Eilks 
(2019) examined the representations of practical work included in Chinese chemistry textbooks and experimental 
workbooks and reported that most textbooks were using a structured learning approach with limited sugges- 
tions of inquiry-based learning using either guided or open inquiry approaches. Considering the visualizations in 
chemistry textbooks, Gkitzia et al. (2011) analyzed Greek chemistry textbooks according to five criteria including 
type of the representation, interpretation of the surface features, their relationship to the text, the existence and 
the properties of a caption, and the degree of correlation between the components comprising a multiple rep- 
resentation. The same evaluation criteria were used to analyze the visualizations found in the 12 most preferred 
chemistry textbooks used in the USA (Nyachwaya, & Wood, 2014). As a result, Gkitzia et al. (2011) reported that 
the majority of the visual representations included in Greek textbooks were macroscopic (23.6%) and symbolic 
(23.6%), whereas Nyachwaya and Wood (2014) reported that the majority (85%) of the visual representations in 
the American chemistry textbooks were at the symbolic level. 

In the case of Turkish upper-secondary school chemistry textbooks, Demirdogan (2017) conducted a study to 
explore the chemical representations included in Turkish upper-secondary school chemistry textbooks. The results 
of the study conveyed the differences between the textbooks in terms of visual and chemical representations. 
Also, the author suggested that these representations could be enhanced with the help of chemistry teachers. Ina 
similar study, Akaygun (2018) examined nine textbooks written by Turkish and foreign authors. In this study, Akay- 
gun compared the visualizations in all nine textbooks in terms of type of representation (macroscopic, symbolic, 
particulate, multiple, hybrid, mixed, integrated or combined), and the attributes of the particulate visualizations 
(structure or process). The results of the study showed that the macroscopic visualizations were the most common 
type of representation in eight out of nine textbooks. 

In another study, the content analysis of chemistry textbooks was conducted in terms of the usage of analogies. 
Sendur et al. (2011) found limited and simple analogies included in 9" grade and 10th grade chemistry textbooks. 
The four analogies determined in the textbooks were classified as inappropriate for cognitive arrangement of stu- 
dents. As conclusion, for effective usage of analogies, the importance of the role of teachers was also highlighted 
in the study. When the representations of scientific process skills (Koray et al., 2006) and the graphs (Giltekin & 
Nakiboglu, 2016) given in chemistry textbooks were examined, it was reported that they were not totally over- 
lapping with the curriculum. Therefore, the results of these studies suggest that the representations given in the 
textbooks should be carefully examined, and the ways for improvement should be sought. 

The opinions of teachers who had been recognized as the loyal followers of textbooks (Aldahmash, et al., 2016), 
were worth evaluating for a better understanding of effective inclusion of textbooks. Studies including teachers’ 
opinions were also conducted with respect to several aspects. Nakiboglu (2009) examined expert chemistry teach- 
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ers’ usage of secondary school chemistry textbooks and reported that these textbooks were regarded as a source 
of problems by expert teachers, and they were found to be not so effective tools for teaching. In another study 
considering teachers’ opinions, Uyulgan et al. (2010) examined upper-secondary school chemistry teachers’ opin- 
ions on textbooks regarding various themes including physical properties, cover features, interior cover features, 
preparatory studies, evaluation studies, content, and method. The results showed that the content of textbooks 
was very intensive for the secondary school students, the preparatory studies, the number of activities, teaching of 
concepts, and interdisciplinary connections were found to be insufficient. Teachers emphasized the inconsistency 
between textbooks and students’ levels. Yet, in another study, Ercan and Bilen (2012), explored teachers’ opinions on 
9" grade and 10° grade chemistry textbooks and reported that the textbooks were found to have problems with 
the evaluation and assessment part, as well as had inconsistency between the content and the level of students. 
As can be seen from these previous studies, the opinions of chemistry teachers are very important as they examine 
the textbooks with a critical lens and do not follow the textbooks unconditionally. 

Periodic tables as being important representations used in chemistry, have been examined in rather few 
studies. In an earlier study, Mishra and Nguyen-Jahiel (1998) studied various representations of periodic tables and 
categorized them under two main parts: educational and epistemological applications. Considering the features of 
multiple representations used for periodic systems, the authors designed a hypermedia tool to be used for learn- 
ing periodic tables. Later, Bensaude-Vincent (2001), examined the graphical representations of periodic systems 
and pointed out a common belief of impossibility of obtaining a comprehensive periodic table, existed among 
the chemistry teachers who participated in the study. 


Research Aim and Research Questions 


For chemistry educators, the periodic table is much more than a symbolic representation; it is a system of 
relations, structures, and interactions. It is learnt as early as in the 9 grade and extensively covered in the text- 
books. Therefore, it can be claimed that it is worthwhile to determine how the periodic tables were conveyed in 
the textbooks and what the chemistry teachers think about them for developing an understanding of how peri- 
odic tables can be used more effectively. Specifically, in this study, it was aimed to seek answers for the following 
research questions: 

1. What are the features of periodic table representations given in Turkish upper-secondary school 
chemistry textbooks? 

2. What are the opinions of chemistry teachers about the periodic table representations given in the 9% 
grade chemistry textbooks? 


Research Methodology 
Research Design 


This qualitative study adopted the case study design where an in-depth, and detailed examination of a par- 
ticular case or cases, within a real-world context are examined (Bromley, 1986). The scope of this study covers a 
particular case of selected chemistry textbooks used in Turkey and the opinions of teachers on them. The study 
consisted of two consecutive stages carried out in 6 months in 2019. These stages are explained below. 


Research Sample 


The study was composed of two stages. In Stage 1, first, about 50 chemistry teachers from different cities in 
Turkey were contacted through the authors’ network. The title of the textbook, the authors, and the publication 
year of the textbooks they were using were asked. These chemistry teachers reported that they had been using ten 
different chemistry textbooks published between 2014 to 2019. Seven out of ten chemistry textbooks were com- 
monly used in public and private upper-secondary schools in Turkey, therefore they were selected for the analysis 
and getting teachers’ opinions about them. Public schools in Turkey use the textbooks in Turkish, whereas private 
schools select the textbooks from the ones written in English. In this study, three of the textbooks were written in 
Turkish. These upper-secondary school chemistry textbooks included a total of 50 periodic table representations. 
The publication date, language and the publisher of the textbooks are given in Table 1. 
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The Publication Date, Language, and the Publisher of the Chemistry Textbooks 


Upper-secondary School 


Chemistry Textbook Date of Publication Language of the Textbook Publisher 
A 2018 Turkish National 
B 2019 Turkish National 
C 2019 Turkish National 
D 2017 English National 
E 2014 English International 
F 2015 English International 
G 2019 English Customized 


The chemistry teachers working in public schools in Turkey have been obligated to use the chemistry textbook 
approved and sent by the Ministry of Education (MoNE) to students and teachers as free of charge. Three of these 
textbooks (named as A, B, C) that were published by different national publishers, were the ones sent by the MoNE. 
Two of the textbooks (named as E, F) were the ones written by foreign authors and published by international 
publishers. One of the textbooks (named as D) was written by Turkish authors in English. Yet, one of the textbooks 
(named as G) was compiled by the chemistry teachers working at a particular school. 


Research Procedure 


In Turkey, 9" grade (Age 14-15) is the first year of the 4-year upper secondary school. In Turkish 9" grade chem- 
istry curriculum (MoNE, 2018), the topic of periodic table is given as the second unit, so in the national textbooks, 
it is covered in the 2™4 chapter. In the beginning of this unit an introduction to the atom, including the atomic 
theory and the structure of the atom is made. For the textbooks published by international publishers, the topic 
of periodic table is given either in the 2" or the 3 chapter. Therefore, the periodic table representations given in 
Chapter 2 or 3 were examined. 

In Stage 2, due to the selection of seven chemistry textbooks for inspection, seven teachers who were using 
each particular textbook were invited for an interview. All the teachers agreed to participate in this study voluntarily. 
Regarding the demographic information of the teachers, five of them were female, one teacher working at a public 
school and one working at a private school were male. Three of the teachers who were using upper-secondary 
school chemistry textbooks written in Turkish were working in public schools. The professional experience of these 
teachers was between 19 and 24 years. On the other side, four of the teachers who were using upper-secondary 
school chemistry textbooks written in English were working in private schools. One of these teachers had 3, two 
of them had 7, and one teacher had 17 years of teaching experience. Five of the teachers had a degree of Bachelor 
of Science, where one teacher from a public school and one teacher from a private school had a Ph.D. While each 
of the participants was teaching at the 9", 10°, and 11™ grade levels (Age: 15-17), two of them were additionally 
teaching at the 12‘ grade (Age: 18). 


Data Analysis 


In Stage 1, after the selection of chemistry textbooks, the periodic table representations in each textbook 
were coded qualitatively and quantitatively. During this process, first, content analysis which is a compiled scientific 
method where written materials are analyzed systematically, and then, grouped based on specific criteria in order 
to make information (Cohen et al., 2007) was carried out to obtain meaningful themes and categories from the 
periodic table representations. As a result, 5 main themes were determined: type, content, portrayal, periodic trends, 
and color. The themes and the corresponding categories are shown in Table 2. Finally, the number of periodic table 
representations that fall under each theme and category were determined. 
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Table 2 
The Themes and Categories Determined from the Analysis of Periodic Table Representations Given in the Selected Chemistry 
Textbooks 
Themes Categories 
¢ Complete 
Type ¢ Incomplete 


¢ Segmented 


¢ Detailed (name, symbol, atomic number, mass number, periods, etc.) 
¢ Symbols 
Content ¢ Groups 
¢ Families of elements 
e Electron configurations 


e Precise 
Portrayal ¢ Sketched 
© Sketched-labelled 


e Including arrows 
Periodic Trends ¢ Including numerical data 
¢ Including both arrows and numerical data 


ee ¢ Use of color for all the elements 
¢ Use of color for the families 

For the inter-rater reliability agreement, after all the periodic table representations were coded by one of the 
researchers, the other researcher coded 24% (N=12) of all the periodic table representations (N=50). After resolving 
the discrepancies between coders, by discussing particular representations, the inter-rater reliability was obtained 
to be 96% which was suggested to be a high agreement (Shweta et al., 2015). 

In Stage 2, after the selection of textbooks, the teachers who were using each of the textbooks were contacted 
and asked for their participation in the second stage of the study. Then, amongst the ones who agreed, the partici- 
pating teachers were determined considering the convenience of their schedule and invited to an interview via 
video conferencing where the whole interview was video recorded with their permission. The interviews took about 
60-70 minutes where they were asked to convey their opinions about each type of periodic table representation 
included in the textbook, they were using in their classes, by showing particular representation by screen sharing. 

Next, the interviews were first open coded, and the content analysis was carried out to determine the themes 
and categories revealing the opinions of teachers based on the themes and categories that emerged for the peri- 
odic table representations. The first coding was performed by the first author, and then 25% of the interviews were 
coded by the second author reaching to 92% agreement. The discrepancies were resolved through discussion and 
full agreement was achieved. 


Research Results 


The results of the analysis for the 1* Stage of the study revealed that there were a total of fifty periodic table 
representations (PTR) obtained from seven chemistry textbooks. The most PTR (N=12) were found in textbook 
C and the least (N=3) in textbook D. As pointed out above, based on the results of the content analysis, the five 
themes emerged were: type, content, portrayal, periodic trends, and color. The findings regarding each theme and 
the corresponding categories are evaluated and described in more detail. 

The types of PTR found in textbooks were of three different kinds, which were complete, incomplete, and 
segmented. The complete type of PTR were the representations of a periodic table without any missing parts. The 
type of the 15 (30%) of the PTR were found to be complete. Figure 1 (GUntut et al., 2019) shows an example of a 
complete type of representation. On the other hand, the incomplete type of PTR was described as the ones repre- 
sented without f block, that is to say, block containing the actinides and lactinides. Twenty of the PTR (40%) were 
represented as an incomplete type. Figure 2 (Polat & Eryuva, 2017) displays an example for the incomplete type of 
PTR. The segmented type of these representations were the ones designed according to a particular purpose, such 
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as 4A groups of the periodic table. Fifteen of the PTR (30%) were represented as a segmented type. Figure 3 (Badur, 
2018) shows an example for the segmented type of PTR. 


Figure 1 
An Example of the Code Showing a “Complete Type” of Periodic Table Representation 


Tablo 2.3.2: Modern periyodik sistem 


BeaUaE ( 
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An Example of the Code Showing an “Incomplete Type” of Periodic Table Representation 
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Figure 3 


An Example of the Code Showing a “Segmented Type” of Periodic Table Representation 


Tablo 2.11 Petyodik sstemade 4A grubu (14. grup) dementiler: 
4A 
2. peiyot C | Aneta 
+ 
3. periyo! i) 
ari re Gy 
4. periyot| 4.68 
| 
5. pertyot Sn 
Meta/ 
6. periyot| _.Pb 


The second theme that emerged from the results of the analysis was the content that the periodic table 
representations included detailed content such as, name, symbol, atomic number, mass number, periods, groups, 
families of elements, and electron configurations, as the one shown in Figure 4 (Guntut et al., 2019). The majority 
of the sample covered three main contextual properties, which were symbols (25%), groups (20%), and families 
(15%). There was one periodic table representation including electron configurations, even though the concept of 
electron configurations was not introduced in the 9" grade chemistry curriculum. Nine of the PTR were empty, in 
other words completely lacking in content. 


Figure 4 
An Example of the Code Showing a “Detailed Content” of PTR Including the Name, Symbol, Atomic Number, Mass Number, 
Groups, Families of Elements 


The third theme emerging in the analysis was the portrayal that included 3 categories; precise portrayal, 
sketched portrayal, and sketched-labelled portrayal. The majority of these representations (N=28, 56%) were classified 
as sketched portrayals. This kind of representation included deficient content as shown in Figure 5 (Badur, 2018). 
The other type of representation determined in the textbooks was the precise portrayal which had richer content. 
The results showed that five of the periodic tables (10%) included precise portrayal as shown in Figure 4. Lastly, 
sixteen (32%) of the periodic table representations were classified as sketched-labelled portrayal which included a 
sketched portrayal with some scientific content as shown in Figure 6 (GUntut et al., 2019). 
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Figure 5 


An Example of the Code Showing a “Sketched Portrayal” of Periodic Table Representation 


Table 2.14 Peviyodih sisterrate atovn yarcapharnnn dediary 


Figure 6 
An Example of the Code Showing a “Sketched-labelled Portrayal” of Periodic Table Representation 


P 
§ 
co 
: 


Lantanitler 


The fourth theme that emerged in the analysis was the periodic trends. The results of the analysis revealed that 
more than half of the representations (N=30, 60%) contained information on the periodic trends such as metallic- 
nonmetallic property, atomic radius, electron affinity, electronegativity, ionization energy, and physical properties. 
Among these periodic trends, the majority of the representations were designed by involving atomic radius (N=9, 
26%) metallic-nonmetallic property (N=6, 18%), and electron affinity (N=6, 18%). In addition, there was only one 
periodic table representation that included physical properties in terms of periodic trends. These representations 
were either given symbolically including arrows (N=19, 63%) as seen in Figure 7 (a) (Polat & Eryuva, 2017), or nu- 
merical data (N= 9, 30%) as in Figure 7 (b) (Badur, 2018), or both by arrows and numerical data (N=2, 7%) as shown 
in Figure 7 (c) (Ertekin et al., 2019). 
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Figure 7 


Examples of the Code Showing “Periodic Trends by (a) Using Arrows, (b) Numerical Data, (c) Both by Arrows and Numerical 
Data’ given in the Periodic Table Representations 


Al 


Tablo 2.16: Atomiarin Elektronegatifiik Degerien 


Elektronegatiflik artar 


Tablo 2.15: A Grubu Elementlerinin Elektron ligileri 


| ios 


3A 4A SA 6A 7A 


# #° 


3B 4 SR & 7 eB 


| € 8 2 


Elektronegatiflik artar 


(c) 


The fifth theme that emerged in the study was color. The results of the study showed that the majority (N=36, 
72%) of the PTR were designed in color. The rest of them were represented without using color. It was observed 
that the colored PTR used color for representing elements (N= 12, 33%), as seen in Figure 1 or used color-coding 
for representing families as seen in Figure 4 and Figure 6. (N=24, 67%). 

For the 2" Stage of the study, the responses of the teachers were analyzed based on the themes emerged for 
the periodic table representations; namely, theme, content, portrayal, periodic trends, and color. When the teachers 
were shown all three types of the representations; complete, incomplete, and segmented, six of the teachers said 
they would prefer using the complete PTR, e.g., Figure 1, because it was more accurate, whereas the incomplete 
PTR would not be helpful as the students would not see the f-block elements. In addition, they all agreed to show 
complete PTR first, and then continue with the segmented ones, because they would be used for a specific purpose, 
such as teaching families, e.g., Figure 3. Only one teacher who has the least years of experience said there was no 
need to show the complete PTR, instead showing a couple of the segmented ones would be more helpful. The 
teacher who was using the textbook F, specifically said they liked segmented PTR in their textbook as it included 
everyday life pictures representing connections to the macroscopic level, as seen in Figure 8 (Anonymous author 
of the customized book, 2019). 
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Figure 8 


An Example of the Code Showing a “Segmented Type” of PTR Including Connections to the Macroscopic Level 


In terms of the content given in the PTR, four of the teachers suggested that the PTR should be simple, refined 
and less crowded such as the one given in Figure 1. which shows the symbols and atomic numbers of the elements 
as well as the labels of the groups and period. They argued that if the PTR were simple, it would be easier for stu- 
dents to grasp, if they included more information, it would be distracting. On the other hand, two of the teachers 
claimed that they would like to see more information, such as the mass numbers and the names of the elements 
on the PTR, such as the one given in Figure 4, as they happened to be more scientific. 

Regarding the teachers’ opinions about the precise, sketched and sketched-labelled portrayals of the periodic 
table representation, four teachers said the PTR included in the textbooks should be precise, revealing the most 
recent and accurate information available for the day. The teacher who was using the textbook F, specifically said 
he did not like the complete PTR in their textbook as it did not include the four recently discovered elements, as 
seen in Figure 9 (Anonymous author of the customized book, 2019). 
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Figure 9 


An Example of a PTR missing the Four Recently Discovered Elements 


Another important issue raised by three chemistry teachers was that the PTR should not cause any miscon- 
ceptions or should not include any misinformation. For instance, they said the PTR given in Figure 10 (a) (Polat 
& Eryuva, 2017) showed Hydrogen as a member of Alkali metals, and Figure 10 (b) (Anonymous author of the 
customized book, 2019) showed Argon as a nonmetal, which might be considered as problematic and should be 
corrected in class while teaching. 


Figure 10 
Example of the PTR Including a Problematic Representation 


Periodic Table Families and Groups 


(a) (b) 


In addition, three of the teachers suggested that the PTR given in different portrayals could be used for dif- 
ferent objectives or purposes, so they were all important to have in their textbooks. Five of the teachers said they 
used the sketched PTR at last, usually for practice and activities, such as coloring the families. 

The fourth theme emerged from the PTR was periodic trends which were represented either by using arrows, 
giving numerical data, or both arrows and numerical data. When the teachers were asked to explain their views 
on them, five of the teachers said they would definitely prefer the ones including numerical data for the periodic 
trends such as atomic radius, or electronegativity, over the ones having arrows that might cause memorization, 
as shown in Figure 11 (a) (Ertekin et al., 2019) and (b) (Polat & Eryuva, 2017). One of the teachers, having 20 years 
of teaching experience, said they did not like the one with the arrows even though it was given in their textbook 
because it did not show the exceptions. Another teacher with 3 years of experience said it would be better to use 
the one with the arrows because they did not need to know about the elements to understand periodic trends. 
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Figure 11 


Examples of the PTR Including Periodic Trends Represented by (a) Numerical Data, (b) Arrows 


Tablo 2.15: A Grubu Elementierinin Elektron ligileri 
1 18 


The last theme that emerged in the analysis of PTR was the color. When the opinions of teachers about the use 
of color in the PTR were asked, all the teachers said that using color was helpful especially for differentiating differ- 
ent groups and elements. Specifically, one of the teachers pointed out that the PTR in their textbook represented 
families with different colors, including Oganesson (Og, the element with the atomic number of 118) which was a 
synthetic element and therefore different from all the others, as seen in Figure 12 (a) (GUntut et al., 2019). Another 
teacher argued that using color was helpful but overusing color might be distracting for students. For instance, 
the PTR in their textbook used color and colored frames to describe their characteristics as being major or trace 
elements, as seen in Figure 12 (b) (Polat & Eryuva, 2017). 


Figure 12 
Examples of the PTR Including Color for (a) Families, (6) Characteristics 


Periodic Table Families and Groups 


(a) (b) 
Discussion 


Textbooks have been important tools used, especially in K-12 education, as they are easily accessible and 
reliable sources. Chemistry textbooks include not only textual but also visual representations that are crucial in 
learning chemistry. Periodic table representations (PTR) are one of those because the topic of periodic table was 
found to be abstract and hence difficult to understand (Avci & Tasdemir, 2019). Studies investigating representa- 
tions in chemistry textbooks used in different countries focused on the types of representations and reported that 
the macroscopic representations were the most commonly included type (Akaygun, 2018; Demirdogan, 2017; 
Gkitzia et al., 2011). 

In this study, to the honor of International Year of Periodic Table, 2019, it was aimed to explore the periodic table 
representations in 9" grade textbooks used in Turkey. First, specifically periodic table representations included in 7 
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different commonly used upper-secondary school chemistry textbooks were examined according to 5 criteria that 
emerged during the analysis; type, content, portrayal, periodic trends, and color. The first theme, type of PTR, had the 
categories of complete (30% of PTR), incomplete (40%), and segmented (30%). As the findings revealed, the majority of 
the periodic table representations were showing only a certain section of the periodic table, being either incomplete 
or segmented. This finding suggests that the textbook authors might have preferred to present a smaller and more 
focused piece of information as claimed by the Attention-Guidance Principle (Van Gog, 2014), arguing that directing 
students’attention to the certain parts of a material may enhance learning. The second theme that emerged for the 
periodic table representations was the content of the PTR, that included detailed content, symbols, groups, families, 
and electron configurations. The majority of the PTR were found to include specific information on symbols (25%), 
groups (20%), and families (15%). This finding is also aligned with the Attention-Guidance Principle because novice 
learners mostly focus on salient or irrelevant features and can easily miss the relevant information (De Koning et 
al., 2009). Ensuring that the PTR presents specific and relevant information may help students integrate the infor- 
mation provided effectively, not to get lost in details; hence supports understanding. The third theme, portrayal of 
PTR included three categories revealing different ways of portrayal of the PTR as precise (10%), sketched (56%), and 
sketched-labelled (32%). It was interesting that the majority of the PTR were presented as a sketched drawing with 
limited information. Even though in the 9% grade, students are learning the concept of periodicity in detail, they 
may not see the big picture, and lose track if the details are presented (De Koning et al., 2009). Therefore, the reason 
for including mostly sketched PTR, instead of precise and fully filled periodic tables, might be to scaffold students 
in perceiving the periodic table as a whole, and this would help students develop representational competence 
(Kozma & Russel, 1997). The fourth theme of the periodic table representations was the periodic trends which was 
either shown by arrows (63%), by giving numerical data (30%), or both arrows and numerical data (7%). It was interest- 
ing to observe that the majority of the PTR were using arrows to depict how the periodic trends change across the 
group or period. It has been known that arrows are the integral parts of chemistry and commonly used for various 
purposes including showing direction (Alvarez, 2012; Lakshminarayanan, 2010). In the periodic table representations 
examined, the arrows which were usually in color, were placed either on or outside the periodic tables to attract 
students’ attention. By using this depiction, it may be easier to display less information, but students may tend to 
memorize the direction of arrows, not necessarily understanding. In other words, without seeing the numerical 
data, they may have misconceptions or difficulty in understanding why atomic size, for instance, decreases when 
moving across a period (Nicoll, 2001). The fifth theme that emerged from the examination of PTR was the color as 
the majority (72%) of the PTR were in color. This theme included two categories; use of color for all the elements (33%) 
and use of color for the families (67%). Even though the majority of the PTR were in color, the color was mostly used 
to depict or highlight a characteristic, such as transition metals. As it was discussed above, it can be claimed that the 
textbook authors may have decided to avoid the details and to present more specific information by color coding, 
hence to guide students’ attention to a specific part (De Koning et al., 2009). 

Secondly, the opinions of chemistry teachers who were using periodic table representations given in the 
textbooks were evaluated. It was important to uncover their opinions, as it was done previously (Nakiboglu, 2009; 
Uyulgan et al., 2010) because they have been regarded as loyal textbook followers (Aldahmash et al., 2016; Vojir & 
Rusek, 2021). Specifically, their opinions were sought for each of the theme that emerged from the analysis of PTR. 
For the first theme, the type of the PTR, the majority of the teachers (86%) preferred to have a complete periodic 
table in the textbook because it was the most accurate representation. Yet, while teaching the periodic table, all but 
one agreed to start with a complete periodic table, and then continue with the segmented ones to show specific 
sections. By this way, teachers would scaffold their students to proceed from the whole and the parts, and make 
connection within the periodic table (Belland, 2014; Mayer & Moreno, 1998) because a complete, colorful, fully-filled 
periodic table may create cognitive load for the novice learners (Sweller & Chandler, 1991). According to Offerdahl 
et al. (2017), cognitive load can be reduced by helping students to become competent with the parts of visual 
representations and then integrate these parts with each other to achieve the learning outcomes. This finding is 
aligned with the idea of helping novice learners by eliminating extra details to decrease extraneous cognitive load 
by using “from low to high fidelity” strategy (Merrienboer & Sweller, 2010). This idea is also supported by the Coher- 
ence Principle of Cognitive Theory of Multimedia Learning that claims the importance of presenting less and basic 
multimedia rather than more and detailed ones (Mayer & Moreno, 1998). Therefore, it was important to observe 
how teachers implemented their strategy in helping students understand and effectively use different types of 
periodic tables given in the textbooks. Regarding the theme of content of the PTR, the majority of the teachers 
(57%) claimed that they would prefer to see less crowded periodic tables, otherwise it would be distracting for 
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students, as they may introduce extraneous cognitive load (Sweller, 1994). Regarding the third theme, portrayal, of 
the PTR, four teachers emphasized the importance of having the most recent and scientifically accurate Periodic 
Tables, that include all the recently discovered elements. Having the precise PTR, with the most recent scientific 
findings presented in the textbooks might help students develop science appreciation (Vinen, 2000) and improve 
their interest towards learning chemistry (Salta & Koulougliotis, 2012). The other issue the teachers highlighted was 
not having any problematic PTR that might cause misconceptions; that’s probably why they would like to see the 
precise PTR. In addition, five of the teachers suggested that they would use the sketched PTR in class activities such 
as coloring different families. This strategy might be considered as using “worked examples” to reduce cognitive 
load and support students learning (Merrienboer & Sweller, 2010). Finally, three of the teachers suggested that 
the PTR portrayed in a different manner could be used for different objectives, so they are all important to have in 
the textbooks. Being able to use different PTR may improve students’ representational competence as they would 
need to use, interpret, analyze, and transform these representations (Kozma & Russel, 1997). Regarding the fourth 
theme that emerged in the analysis of PTR, periodic trends, the majority of the teachers preferred data-driven nu- 
merical values for describing periodic trends instead of including arrows that might cause memorization without 
understanding the reason behind. As Larson et al. (2012) found an inquiry-based learning activity of periodic trends 
might help students develop more accurate mental models as they make sense of the data provided, recognize 
the patterns, and inductively construct the relationships among these data. Finally, for the last theme, color of the 
PTR, the use of color to differentiate families was found to be helpful by all the teachers as it serves as a scaffolding 
with respect to the attention-guidance principle (De Koning et al., 2009), as discussed above. Yet, it was suggested 
that overusing colors for all the elements might distract students by creating extraneous cognitive load (Sweller, 
1994). In addition, few teachers found including macroscopic representations of the elements helpful as the stu- 
dents are being introduced to the triplet of chemistry and better able to make connections especially among the 
macroscopic and symbolic representations (Johnstone, 1993). 


Conclusion and Implications 


The results of this study showed that 9" grade chemistry textbooks used in Turkey include periodic tables 
with different features including type, content, portrayal, representing periodic trends and using color. The major- 
ity of the periodic table representations were found to be adopting the Coherence Principle of Cognitive Theory 
of Multimedia Learning that suggests using fewer extraneous words and pictures in multimedia environments”. 
It was observed that most of the periodic table representations were presenting less information, highlighting 
specific content, using simplistic sketch, using color for differentiation to guide learners’ attention, and scaffold 
their learning. This approach was also supported by the teachers as they preferred to use those less detailed and 
focused representations. 

Yet, there was only one feature that the teachers preferred not to use, the simplistic one, the presentation of 
the periodic trends. Almost all the teachers supported the idea of presenting data-driven numerical values regard- 
ing a particular periodic trend rather than showing how the trends alter across the groups or periods by drawing 
arrows because they claimed that just seeing the arrows without associating it with the numerical data may cause 
students to memorize instead of making sense of the data and relating it with a particular trend. In other words, the 
chemistry teachers said they would like their students to drive conclusions instead of remembering the direction 
of the arrows showing the change in periodic trend. 

All in all, the results of this study may guide chemistry teachers while using periodic tables in their classes, 
textbook authors while selecting periodic table representations in their textbooks, and chemistry education re- 
searchers who would explore more effective ways of learning concepts regarding periodic table. More specifically, 
chemistry teachers may examine the periodic table representations presented in the textbooks they are using 
and select the best representations that will guide their students’ attention for a better understanding. In other 
words, chemistry teachers can make informed decisions on using the most effective periodic table representations 
(e.g., color-coded families, numerical shown of periodic trends etc.) for their purpose. Similarly, when textbook 
authors include periodic table representations in their textbooks, they may adopt Coherence Principle of Cognitive 
Theory of Multimedia Learning and using fewer detail rather than many extraneous features such as extra colors 
or information. Finally, chemical education researchers may still evaluate students’ interactions with the periodic 
table representations in different forms and environments to shed light on how to improve students’ conceptual 
understanding. 
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Limitations 


Despite its relevant findings, this study is limited with the seven 9‘ grade chemistry textbooks examined and 
the views of the chemistry teachers interviewed. There were several other 9° chemistry textbooks used in Turkey 
but not examined in this study. The periodic table representations given in those textbooks may convey different 
features. Also, if other teachers may have interviewed, they may have brought different opinions and arguments. 
Therefore, the findings of this case study are limited with this sample. 


Future Directions 


With the development of technology and inclusion of computers in chemistry classes, dynamic visualizations 
have been integral parts of teaching and learning chemistry. In this study, only the textbooks as printed materials 
were examined, but in other studies, how digital periodic tables display the elements through websites or tablet 
applications may be explored. In addition, eye-tracking technology can be integrated to further explore which parts 
students focus more or less while working on specific tasks regarding the periodic table. All these attempts will 
contribute to the understanding of effective use of periodic table representations for conceptual understanding. 
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Introduction 


The challenges of the modern world are bringing the need for reinforc- 
ing the education systems and their transformation for the fulfilment of the 
knowledge society requirements. For adequate preparation of students for 
successful work and life, close cooperation between business and education 
is necessary. An important target of modern education is the development 
of entrepreneurial capacities, entrepreneurial mindset and entrepreneurial 
culture among individuals and society as a whole. The special attention 
should be devoted to the education of the gifted students, taking into ac- 
count that they express characteristics similar to those detected in successful 
entrepreneurial individuals (Shavnina, 2012), such as the ability to generate 
new ideas and apply them, as well as to explore the possible solution for 
different problems. 


Research Problem 


In 2003, the European Commission pointed out for the first time the 
importance of entrepreneurial education (European Commission, 2003), and 
further promoted entrepreneurial education and entrepreneurial learning. 
It was noticed that there was no consensus on what the elements of entre- 
preneurship were, and the required competencies also were not defined. 
In 2015 the Study on Entrepreneurial Competence (EntreComp360) was 
launched to develop a common conceptual framework for Europe, which 
is both a reference point and an impeller for implementing a transnational 
policy that drives the development of entrepreneurial competence (European 
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Commission/EACEA/Eurydice, 2016). In this sense, entrepreneurship education aims to support and strengthen the 
development of entrepreneurial thinking and behaviour in formal education (Ahmad & Siew, 2021; Seikkula-Leino 
et al., 2021). The curriculum reform, which requires partnerships in the learning community, is needed, focusing on 
the implementation of educational policy in entrepreneurial practice and their sustainability. Within the Entrecomp 
framework, entrepreneurial competence is considered an individual and collective ability and includes three areas 
(ideas and opportunities, resources and into action) and fifteen competencies (opportunity perception, creativity, 
vision, evaluation of ideas, ethics and sustainable development, self-awareness and personal efficiency, motivation 
and perseverance, resource mobilization, financial and economic literacy, engaging others, taking initiative, plan- 
ning and managing, resolving unclear and risky situations, working with others, learning through experience). A 
proposal for the application of the competence in practice and a descriptor containing key aspects of the given 
competence, as well as 442 learning outcomes (Bacigalupo et al., 2016) are also given. 

Therefore, the focus of learning should include organizational skills, analytical approach, abstract thinking, 
gathering information using different media and assessing their relevance and truthfulness, presentation techniques, 
work on projects, interviewing techniques, time management and taking into consideration student experiences 
(Krzelj & Polovina, 2019). 


Research Focus 


In the context of modern educational policy, entrepreneurship education and the importance of develop- 
ing entrepreneurial competence, in the structure of key competencies for lifelong learning, is recognized in the 
education system in Serbia and defined as Entrepreneurship and Entrepreneurship Orientation (General standards 
of achievement for the end of general secondary education and upbringing and secondary vocational education 
and education in the field of general education subjects for the subject, 2013). However, domestic literature is still 
lacking in adequate research results and potential proposals in the direction of the best methodological solutions 
for teachers as professionals that should contribute to the development of entrepreneurial students’ competencies, 
while equally strengthening personal entrepreneurial competencies. Although the education policy and national 
education frameworks in Serbia are becoming more open to meet the needs of the economy and labour market 
(The Law on the Foundations of the Education System in the Republic of Serbia, 2019), the development of the skills 
such as entrepreneurship is still at the individual level, rather than systematic (Raki¢evi¢ et al., 2015; Stamatovic & 
Zlatié, 2021; Zlatié & Stamatovi¢, 2018). The skills such as communication, teamwork, production skills, creativity 
and sustainable thinking have been imposed as crucial among the competencies that should be built in the school 
environment for acquiring an entrepreneurship mindset (Aydogdu et al., 2020). 

Chemistry as a scientific discipline is present in everyday life and it is giving numerous possibilities for the 
creation of valuable market products by the transformation of natural into artificial substances, creation of new 
substances with application in medicine, industry, etc. The proper level of functional knowledge and skills (in 
chemistry education) is necessary for the establishment of the entrepreneurship, and some of the inadequateness 
should be addressed. Bearing in mind that many schools in Serbia are not adequately equipped with chemistry 
laboratories and that practical work is usually limited on the individual teachers’ attempts (Adamov et al., 2014), 
the learning of the abstract chemical concepts and practical application represents a problem for most students. 
There is a need for teachers to be sufficiently qualified and possess adequate knowledge for the transfer of nec- 
essary entrepreneurship skills to the students actively and effectively. In addition, the proper choice of learning 
methods or models for the development of entrepreneurship skills is also of immense importance. Inquiry-based 
learning (IBL) is an approach based on scientific activities that require the development of students’ critical think- 
ing, autonomous learning, and information literacy (Magnussen, 2000; Maeots & Pedaste, 2014). Despite some 
challenges that could occur during inquiry-based learning, such as time consumption, teachers’ additional efforts 
and students’ willingness for the more active mode of learning, it still presents a valuable contribution to the en- 
trepreneurship education, especially in the science and engineering field (Pittaway, 2009). Through IBL students 
have the opportunity to increase their productivity, creativity, communicational and metacognitive skills, as well 
as a high level of sense of accomplishment. Bearing in mind the importance of communication and collaboration 
as essential parts of entrepreneurship, the application of an inquiry-based approach in chemistry education is also 
suitable for the promotion of these competencies (Finlayson et al., 2015). In addition, inquiry-based learning (IBL) 
designed for the application in a laboratory environment (inquiry-based labs) is combining practical hands-on work 


1144 


ASS https://doi.org/10.33225/jbse/22.21.1143 


Journal of Baltic Science Education, Vol. 21, No. 6A, 2022 


ISSN 1648-3898 /Print/ INQUIRY AND PROJECT-BASED LEARNING AS AN APPROACH FOR DEVELOPING 
ENTREPRENEURSHIP COMPETENCIES IN PRIMARY SCHOOL HIGH-ACHIEVING STUDENTS 
ISSN 2538-7 1 38 /Online/ (PP. 1143-1164) 


with students’ discussion and discovery of the concepts (Cheung, 2011; Cummins et al., 2004; Deters, 2005; Kipnis 
& Hofstein, 2008; Tatar, 2012). Students’ experience in inquiry-based learning under the lab work circumstances 
could be a good starting point for their engagement in the process of transformation of functional knowledge 
into the products valuable within the market framework. Another effective learning approach that addresses the 
question of students’ motivation, engagement in teamwork, as well as the development of valuable laboratory skills 
necessary for the connection of real life-phenomena with school knowledge is project-based learning (Chang et al., 
2015; Krajcik & Blumenfeld, 2006; Robinson, 2013). |n this approach, the students are gathered around the complex 
real-life task that requires from them to make independent decisions, solve problems, perform investigations, as 
well as to manage the available time and organize necessary activities (Sumarni, 2013; Vergara-Castaneda et al., 
2021). To cope with the challenges of modern society, the students should be equipped with all mentioned skills 
and have the possibility to see how the knowledge acquired in the school system could be used in the real world. 

To fulfil their potential, in school gifted students rely on enriched learning experiences that require full 
engagement of their teachers to ensure stimulating environment so they can utilize all their skills, such as intel- 
lectual quickness, effective use of numbers, creativity, spatial ability, language proficiency, problem-solving skills, 
reasoning capability, strong memories, moral judgment, and sensitivity (Maker et al., 1996), to grow and gain new 
knowledge. Bearing in mind that entrepreneur personality traits are in close correlation with the characteristics of 
gifted students, their development is of key importance in modern education systems. 

The focus of this study was to assess the application of inquiry and project-based learning activities within 
the chemical laboratory environment as tools for the development of primary school high-achieving students’ 
entrepreneurship competencies as a sustainable model for developing entrepreneurial skills in gifted students. 


Research Aim and Research Questions 


To find adequate solutions to global problems, such as the production of energy, clean water, and environ- 
mental pollution, it is necessary to make strong connections between chemistry curriculum and entrepreneurship 
(Confalone, 2014; Sachse & Martinez, 2016). Obviously, students require guidelines and an opportunity to think 
beyond the curriculum to commercialize their ideas for financial gain. 

Although individuals’ entrepreneurial traits could be similar, entrepreneurial behaviour does not strongly 
rely on them (Entrialgo & Iglesias, 2020). Entrepreneurial traits depend on environmental factors, and they can be 
improved and enhanced. 

The aim of this research was to examine the current situation in the Serbian educational system regarding 
the nurture of some parts of students’ entrepreneurship competencies in school and to offer the proposition for 
activities that could be used in a regular school environment for further improvement of entrepreneurship abilities 
in high-achieving or gifted students. Also, the possible impact of activities, which were designed for this purpose, 
on potential improvement in students’ entrepreneurial skills has been analysed and explained in the paper. 

According to that, questions that guided the present researchers through research were: 

1. Does and to what extent school environment supports the development of students’ entrepreneurial 
competencies? 
Are proposed activities suitable for 8" grade primary school high-achieving students? 

3. Dothe proposed activities impact high-achieving students’ entrepreneurial competencies and promote 
entrepreneurial education? 


Research Methodology 
General Background 
This research was conducted during the December of the year 2021 using the pre-experimental design method 
with pre- and post-questionnaires. The study included 8" grade students from primary schools in the territory 


of the city of Kragujevac (Serbia) who were denoted as potentially gifted in chemistry. The territory of the city of 
Kragujevac is covering 22 primary schools and all of them were invited to participate in this research. 
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All students included in the research sample (N=18) were 8" grade primary school high-achieving students 
(both female and male). In the area of primary education, the Serbian education system is based on eight years 
of education divided into two cycles. The first four grades are incorporated into the first educational cycle, while 
the other four grades (covering 5th through 8th grade) belong to the second one, where subject teachers teach 
each subject. Chemistry as a subject is taught in the 7* and 8" grades. The homogeneous purposive sampling was 
done by their chemistry teachers from all twenty-two primary schools from the territory of the city of Kragujevac 
(Serbia), based on students’ engagements in the classes, achievements, grades, participation in various science 
competitions (mostly chemistry, biology, and physics) and science camps (Petnica Science Centre and similar). 
Also, all students were characterised by their teachers as potentially gifted, but were not tested for. The number of 
students was optimized to fulfil safety conditions for work under Covid-19 pandemic conditions. The students were 
working parallel in two separate laboratories, and the number of faculty teachers and students did not exceed the 
maximally allowed number by regulation of the Covid-19 pandemic. The main reason for this type of sampling is 
that we were creating activities that could serve as a model for the entrepreneurial education of gifted students. 
Also, we selected 8" graders as they have chemistry for two years in a row, so they have the basic knowledge of 
chemistry concepts and have prior knowledge related to the theme of the activities and due to their age (13 or 14 
years), it could be presumed that they possess higher levels of judgment and ability of self-reflection and therefore 
provide more accurate responses on the questionnaires. 


Instrument and Procedures 


The instrument (two questionnaires see in Appendix 4 and Appendix 5) was designed to assess the pres- 
ence of entrepreneurial education in schools as well as students’ attitudes, beliefs, and self-beliefs regarding 
their entrepreneurial skills and the activities in which they were involved. Both questionnaires were composed of 
multiple-choice and open-ended questions. The first questionnaire, which contained eighteen questions, examined 
the presence of some parts of entrepreneurial education in their schools as well as students’ current skills closely 
related to entrepreneurial personality traits. Whereas the first questionnaire examined the current entrepreneurial 
competencies of students, the data from the second questionnaire (fourteen questions) gave an insight into the 
impact that the proposed activities have had on certain students’ entrepreneurial competencies. The first ques- 
tionnaire was conducted before the activities, whilst the second questionnaire students filled after the activities. 

The research included 3 activities grounded on topics that are in accordance with the curriculum of the 
Chemistry subject for the 7" and 8" grades, so students have had prior knowledge and they were ready to partici- 
pate. Activities were conducted once a week, each 3 hours long, during the weekends and were counted as out of 
school activity. Prior to the realization of the activities, students were equipped with the necessary instructions and 
knowledge about chemicals, equipment and safety procedures required for the conduction of the experiments. 
All activities were guided and conducted by the authors of the paper at the chemical laboratories of the Faculty of 
Science (University of Kragujevac, Serbia). The first two activities (see Instructions in Appendix 1 and Appendix 2) 
were based on the inquiry-based learning principles where students were working in small groups (2 or 3 students 
per group). The students who were timed up in a group didn’t know each other before the activities. The activities 
were set up to encourage team spirit through competition between groups by problem-solving tasks. The third 
activity (see Procedures for making New Year’s decorations made by students in Appendix 3) was set on the bases 
of the project-based learning principles. After the first activity students were given the project task to create the 
New Year’s ornaments and decorations from eco-friendly materials and were asked to present the ideas and project 
plan for next week’s activity. During the week students were collaborating on a task through ICT (Information and 
Communication Technologies) and then after the second activity present their plans on which the third activity 
was prepared and set up. The student's products (see Appendix 6) from recycled paper, biopolymers and naturally 
occurring substances were then sold at the sales exhibition and all incomes were used to buy New Year's gifts for 
the protégé’s of the local centre for children without parental care “Centre for Development of Social Protection 
Services-Kneginja Ljubica”. Knowing that many schools in Serbia don’t have adequately equipped chemistry labo- 
ratories, all chemical used in this research are easily available, cheap, and accessible. 
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Data Analysis 


The data were gathered during December 2021. Statistical tests (median, mean value, and standard devia- 
tion) were conducted for the analysis and interpretation of data (McCrum-Gardner, 2008). Detailed statistics are 
given in percentages. A qualitative thematic content analysis was also applied (Braun & Clarke, 2006). In-depth 
analyses of the collected data were undertaken in order to gain insight into its content, followed by the extraction 
of key meanings and grouping of information into conceptual categories that lead to the making of categories 
into themes through constant comparison of data (Charmaz, 2006). 


Research Results 


As the entrepreneurship process assumes different forms of behaviour, our research was conducted to explore 
some of the characteristics of the entrepreneurship process. According to that, questions 6 to 13, except 8, were 
conducted throughout the first questionnaire to explore to what extent students take the initiative and express and 
develop their creativity in school. On five questions (9 to 13), students could circle the following always, never, or it 
depends, and percentages of the number of students’ answers always on these questions as well as corresponding 
median value, mean value, and standard deviation are given in the table below (Table 1). 


Table 1 
Analysis of Results for Selected Questions Where the Students’ Answers Were “Always”; Median Value; Mean Value and Standard 
Deviation 


Statements % Mdn M SD 
9. | like to solve problems and tasks independently (on my own). 50.00 
10. | have the possibility to express my own opinion at school. 88.89 
11. | have the possibility to offer a solution and express creativity at school. 94.44 77.18 73.33 17.71 
12. | take the initiative during learning on classes and solving tasks. 55.56 
13. | take a risk during learning on classes and try to solve tasks in my own way. 77.78 


Based on the given statistical values, the majority of students have the opportunity to show creativity and 
opinion (<80%). Fewer students solve tasks independently, take the initiative or on their own take an active role 
in the classes (50%) and they shared that their self-engagement depends on the type of task, the severity of the 
problem, subject topic, teacher initiative, and current mood. Also, it can be noticed that almost all students use 
their creativity and visions whenever they have the chance. Furthermore, data collected on the 6" and 7" ques- 
tions bolster this assertion, and from the students’ answers to these questions, it can be concluded that students 
often (55.56%) and sometimes (44.44%) have the opportunity to get involved in various activities where they can 
express their creativity and gladly participate in them (83.33%). It can be concluded that current primary education 
supports and improves students’ creativity, but not to the same extent encourages them to take initiative, risky 
forms of behaviour, or self-engagement of students. 

Regarding collected results from the second questionnaire, several activities, in which students were involved, 
contributed to the students’ self-engagement. 94.44% of students, on two questions from the second questionnaire 
(3 and 4), indicated that they have had the opportunity to take initiative as well as to offer their opinion throughout 
solving the tasks during the activities. This approach clearly provided students the chance to take initiative in the 
learning process, according to students’ responses to the corresponding questions and thus some of the entrepre- 
neurial competencies surely could be promoted in this way. The motivational trigger for these activities probably 
was their playful background. It is possible that this characteristic affected the students to be more motivated, and 
increased their aspirations, and willingness for taking the initiative during the activities. 

Entrepreneurship implies working with others and thus entrepreneurial education must create a variety of 
situations for development this competence within students. Answers to the 4, 5", and 8" questions from the 
first questionnaire revealed that 61.11% of students love group work, while among others (38.89%) it depends on 
team composition and topic. Most of them declared that they do not have many opportunities to work in a team 
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(72.22%). Figure 1 respectively presents the presence of teamwork in the classes of the natural sciences, where the 
Chemistry classes are second-ranked with Mathematics and Geography classes. Besides natural sciences, students 
cited some social sciences on which classes they work in a team, where Philology was the most common answer 
(10.00%). 


Figure 1 
Graphical Presentation of the Presence of Teamwork in the Classes of the Natural Sciences per Subject 
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Other questions from the first questionnaire (14, 15 and 17) provided some more information about students 
attitudes when it comes to teamwork. Based on responses to the 14" question, for the 44.44% of the students, it 
is important that the assignment is successfully completed, regardless of whether it is a group or individual work, a 
little less (33.34%) rather choose to work in a team than on their own (22.22%). Data collected on the next question 
(15) show that students (77.78%) gladly present the teamwork results on the behalf of the team. Students also 
were asked (17* question) to share if they get into conflicts during working in a team, and the majority of them 
answered sometimes (55.56%) whereas others circled often (11.11%) or never (33.33%). 

In the contrast to the situation in school and insufficient teamwork moments, throughout all activities students 
have had the opportunity to workin mini teams (2-3 students). Accordingly, the second questionnaire also contained 
questions about teamwork (6, 9, 10, 12, and 14), and no question recorded any negative answers. The sixth question 
was conducted to confirm the presence of team spirit and collaboration, and all students pointed out that they had 
enough opportunities to experience that during our activities. The next questions, 9 and 10, measured whether 
teamwork impacts their self-confidence within communication and teamwork under unknown environment. On 
the 12" question, the students were asked to share if they had difficulties during communication and solving the 
last task, i.e., project-based task, to find different procedures for making New Year decorations from recycled paper, 
biopolymers, and naturally occurring substances. The positive answers to these questions (100% for 9", 10", and 
12") were probably due to the working in small teams, facilitated communication via social networks, as well as 
the creative nature of the task, which also motivated students and required maximum engagement. Based on the 
data from the 14" question, teamwork contributed to the students’ positive feelings through the activities (safety, 
satisfaction, good mood) and aroused their curiosity. 

One of the greatest impacts of these activities on students is the formation of strong team spirit among 
individuals who didn't know each other before. The presented activities have influenced students’ valuable inter- 
personal skills, communication skills, ethics, and critical analysis as students learn to work with others and learn 
from each other. 

Project-based learning is a teaching approach based on the students’ involvement in real-world contexts and 
requires students’ application of knowledge and exploration of the subject matter. Accordingly, project-based 


1148 


RUSS https://doi.org/10.33225/jbse/22.21.1143 


Journal of Baltic Science Education, Vol. 21, No. 6A, 2022 


ISSN 1648-3898 /Print/ INQUIRY AND PROJECT-BASED LEARNING AS AN APPROACH FOR DEVELOPING 
ENTREPRENEURSHIP COMPETENGIES IN PRIMARY SCHOOL HIGH-ACHIEVING STUDENTS 
ISSN 2538-71 38 /Online/ (PP. 1143-1164) 


learning could promote entrepreneurial competencies, and thus, students were asked about the presence of this 
approach in their education. Obtained data unveiled that students equally use theoretical knowledge and practical 
abilities during project activities (37 question from the first questionnaire) (83.33%), but to the responses to the 
first question, there is a need for more activities. Students only sometimes have different types of project activities 
(66.67%), whereas only 22.22% of students have it often. Figure 2, given below, represents the presence of project 
activities in the classes of the natural sciences. Chemistry classes are third in the number of project activities, the 
only ones counting fewer project activities are Mathematics classes. 


Figure 2 
Graphical Presentation of the Presence of the Project Activities in the Classes of the Natural Sciences per Subject 
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One of the aims of entrepreneurial education, as a part of primary education, implies interdisciplinary cor- 
relation, and based on collected data on the 16" and 18" questions (first questionnaire) current primary education 
provides this to students to a certain extent. The majority of them use the acquired knowledge from the different 
types of classes and courses in other classes (88.89%) but only 27.78% of students mark that they are able to use 
the same knowledge in real-life situations. This can be explained by non-linking chemical knowledge with daily 
life and insufficient involving activities based on solving life problems related to chemical issues. Linking chemistry 
with everyday life is an important task in achieving one of the main goals of chemistry education, namely, chemi- 
cal literacy. Developing entrepreneurial competencies is one of the new goals of chemistry education due to the 
chemistry presence in all spheres of real life. Without the opportunity to understand the links between chemistry 
concepts and real-life, students might develop misinterpretations and misconceptions, so it is expected that 
students would not be able to apply their knowledge. Therefore, it is necessary to enhance students’ conscience 
about chemistry and prepare them for proper use of chemistry knowledge and at the same time enabling them 
for long-life learning. 

After the activities, students were asked, as in the first questionnaire (18" question), about the applicability of 
their chemical knowledge (8* from the second questionnaire). 72.22% of students marked that they will be able 
to apply newly acquired knowledge, both in school and out of school in real-life situations. A comparison of the 
students’ attitudes about the applicability of their acquired chemical knowledge in school and during the activities 
is depicted in Figure 3 given below. It can be easily seen that there is a great increase in positive answers after the 
activities were implemented. After the first questionnaire, 27.78% students declared that they often used knowledge 
and skills acquired at school, while in the second questionnaire the percentage of positive answers was 72.22%. 
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igure 3 


Results of the Students’ Answers to the 18" Question (First Questionnaire) (left) and 8" Question (second questionnaire) (right) 
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Based on answers to the 7 question from the second questionnaire, students used acquired knowledge 
from the other courses of the natural sciences, mostly mathematics, and also physics, and biology. A reason for 
this may stand in the fact that chemistry, as a subject, during various problem-solving tasks very tightly relays on 
the use of mathematical operations. With interdisciplinary correlation, the proposed activities could bring rounded 
knowledge to students and make teaching more meaningful. 

During the activities, students used different sources of information respectively presented in Figure 4. One 
of the most cited sources on the 13" question from the second questionnaire was the internet, while some relied 
on previously acquired knowledge at school, then, on the team, and other (family members, teachers from the 
respecting school, books, and encyclopaedias). 
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Figure 4 
Ratio of Used Knowledge from Different Courses through the Activities 
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The activities apparently encouraged students to search literature, and the reason for that might be the 
tasks and problems that awakened their curiosity and connected chemistry with everyday life. The links between 
chemistry and everyday life were pointed out with the last in a series of activities when students made New Year's 
decorations from commonly available, environmentally friendly substances. Developed activities have initiated 
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students to grow innovative ideas (making decorations from recycled paper, biopolymers, and naturally occur- 
ring substances) and therefore they could be used as an example to support entrepreneurial education of high- 
achieving or gifted students. Also, students’ thinking skills were improved by marking possibilities for chemistry 
implementation within the market. 

The second questionnaire also contained questions (1, 2, 5, and 11) that examined students’ attitudes about 
the activities in which they were involved. On the first in a row question, all students gave the advantage to 
learning through activities versus learning chemistry in the school. Based on their answers, a reason for this is the 
lack of experiments (100%) as well as performing experiments on their own, performing chemical reactions and 
visualizing chemical phenomena, etc. Similar answers were on the 11" question (second questionnaire), where 
students were asked to share which part of the proposed activities they liked the most. One of the answers on 
the 11" question was a magnetic stirrer, and from that response, it can be noticed that they surely are missing 
experiments, contact with laboratory equipment and laboratory in general. Also, it can be a good sign that every 
segment of the experiment was tempting to them. Besides that, the most common answers to this question were: 
everything, teamwork, and socializing with other participants. The contribution of activities to the students’ con- 
fidence in their chemical knowledge is evidenced by the data collected on the second question from the second 
questionnaire. They all agree that the activities brought them confidence in knowledge, which was also one of 
the answers to the 8" question from the same questionnaire. On the 5“ question from the second questionnaire, 
77.78% of the students marked one more advantage of the activities, the opportunity to solve tasks and problems 
on their own and in a way that is different than in school. The possibility of solving tasks in different and inherent 
ways, brought by proposed activities, could be one way of promoting and encouraging innovative ideas as one of 
the most important parts of entrepreneurial education. 


Discussion 


The purpose of this research was to examine the effect of inquiry-based and project-based learning on the de- 
veloping of entrepreneurial competencies in primary school high-achieving students as a potential example of good 
practice that could be used in the education of high-achieving and gifted students. The results have shown a positive 
effect of these learning approaches with students’ competencies being broadened. The contribution of the described 
model of working with students was particularly reflected in their proactivity, communication, cooperation, teamwork, 
and creative approach in solving tasks, which is consistent with the benefits in theoretical terms (Love, 2021) and 
previous research (Jarrett, 1997; Lofgren et al., 2013; Ozgiir & Yilmaz, 2017; The Intel Corporation, 2012; Thomas, 2000). 

The research also showed that project-based learning in the school is insufficiently represented, which is re- 
flected in the inadequate development of entrepreneurial competencies in students. The representation of both is 
significantly determined by the pedagogical competencies of teachers because research-oriented teaching requires 
more thinking and proactivity from students, which is confirmed by the research results from other authors (Akrami, 
2022). However, the data obtained in the initial part of this research are worrying, indicating that students do not have 
many opportunities to research during classes, i.e., that there are no experiments, which could affect their motivation 
to learn chemistry, its use in life situations and the development of vital entrepreneurial skills. This finding speaks in 
favour of the need for continuous work on bridging the gap between traditional education and education for the 
knowledge society (Confalone, 2014), to which the model presented in this paper can contribute. 

The benefits from interdisciplinary connectivity have been observed in research (Lenoir & Hasni, 2016), accord- 
ing to the students who made up the research sample, interdisciplinary connectivity is present in primary school. 
An important fact is that during the project, students also used knowledge from other subjects, which according to 
research encourages “civic skills” (Lenoir et al., 2015) and re-emphasizes the role of teachers and their readiness for 
a holistic approach to learning. Namely, the interdisciplinary connection can change the way students learn, asking 
them to synthesize more perspectives, instead of simply accepting what the teacher tells them. 

During project-based learning, students are more independent in choosing learning sources, searching for 
information on the Internet and literature, assessing opportunities, choosing times and places for learning, which 
further strengthens their independence, arouses curiosity, and develops creativity. 

Earlier literature focused on the study of entrepreneurial competencies mainly from the perspective of profes- 
sionals, and to a lesser extent from an educational perspective (Ng & Kee, 2018; Tehseen et al., 2019). In recent years, 
however, significant attention has been devoted to the development of entrepreneurial competencies from an early 
age, their interrelationship and relationship with learning outcomes (Ferreras-Garcia et al., 2019). 
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This study has tried to contribute to the question of entrepreneurial competencies development in the educa- 
tional context and point out their importance for the professional and personal students’ development. Namely, our 
data are in agreement with previous data on the connection between subject and entrepreneurial competencies 
(Ferreras-Garcia et al., 2021). 

Although the sample within this study could represent a limitation factor, present researchers believe that 
obtained data indicate the main issues of entrepreneurial education. Furthermore, the possible limitation could be 
the competencies of teachers, both pedagogical and competence in the content knowledge and competence in 
transferring the knowledge. The drawback that occurs from the proposed approach, might be the adjusting of the 
content prescribed by the curriculum. 


Conclusions and Implications 


One of the aims of this research was to explore the current situation in primary schools in Serbia regarding en- 
trepreneurial education, and also to propose a concept for increasing students’ entrepreneurship competencies that 
could be used in gifted students’ education. All students involved in our research were characterised by their teachers 
as potentially gifted, and the main reason for this type of sampling is that they express characteristics similar to those 
detected in successful entrepreneurial individuals. According to the results from the first questionnaire, some parts 
of entrepreneurial education are insufficiently developed and there is a need for new activities for further progress in 
this field. IBL and PBL have been proved as excellent approaches for designing different activities to promote learn- 
ers’ entrepreneurial skills such as knowledge, creative and critical thinking, solving problem, communication, and 
leadership. The results from the second questionnaire, which examined the impact of conducted activities on the 
students’ entrepreneurial skills and abilities, reveal that when an approach like this is used as the teaching method, 
students’ general entrepreneurship characteristics can be increased. Based on the students’ answers, confidence in 
chemical knowledge, the opportunities for solving tasks and problems on their own, and teamwork are just one of the 
many advantages that this way of teaching and learning brought to students versus classical learning in school. The 
activities introduced to students, have brought closer the concept of entrepreneurship, and have provided an idea of 
how to generate income from their knowledge and pursuits. As a relatively new idea in education, pointing out the 
benefit of the connection between chemistry and entrepreneurship and selecting certain approaches and tools in 
teaching could lead to the application of chemistry entrepreneurship in schools. Our research has implicated that the 
used approach can develop the students’ entrepreneurial features and Entrepreneurial traits are very important and 
desirable, but they depend on environmental factors, so their development will not be entirely achieved unless both 
factors (traits and environment) are favourable. It is necessary to use certain educational approaches that influence the 
learners’ entrepreneurial behaviour. Educational organizations can provide an adequate environment for developing 
entrepreneurial skills if a teaching approach similar to the one presented in this paper is applied. Under this approach, 
students could strengthen their entrepreneurial skills (knowledge, creative and critical thinking, solving problems, 
communication, and leadership) using their chemistry knowledge and skills. 

The proposed activities also promoted teamwork, searching the literature, developing innovative ideas, enhanced 
students’ curiosity, and at the same time gave students independence in the learning process, the incentive to actively 
learn, and more confidence in their knowledge, which all are aspects of entrepreneurial education. 

The main contribution of the research is reflected in the fact that it provides insight into the benefits of inquiry 
and project-based learning on the development of entrepreneurial competencies, and at the same time erodes their 
importance in the educational context. It also provides relevant information on various factors that influence their 
development, emphasizing, in particular, the role and competence of teachers. 

After all, connecting chemistry and chemical topics with daily life and thus entrepreneurship can help with the 
widespread problems. The development of entrepreneurship competencies from the chemistry domain is significant 
and cannot be neglected due to many examples of the chemistry presence in everyday life. 

This study should encourage teachers to apply practical activities similar to those described in this study in their 
classrooms regardless of the number of students, class duration, or any other technical problems. Assistance in the 
form of teaching material can be of great help considering conditions and limitations present in the teachers’ work 
(one of them has been offered in this paper). We believe, guided by the examples given in our study, chemistry teach- 
ers could get a positive experience and new ideas to apply similar tasks and experiments. Developing the road map 
for the practical introduction of entrepreneurial education in chemistry and bridging the ideation—action gap should 
be part of new teaching strategies in Serbia. 
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Appendix 1 


Instructions for the first activity 
Experiment Number 1 


In front of you, there are 3 bags with different substances (wheat, corn, flax). Count 30 particles from each and 
measure their weight. 
Weight A: ; Weight B: ; Weight C: 
What can you realize: 


Experiment Number 2 


How many grams of sodium chloride (NaCl) and how many grams of water are needed to prepare 80 g of 0.9 % 
saline? 

Carefully measure the calculated weight of sodium chloride (NaCl) and put it ina 150 mL beaker, and then pour 
the corresponding volume of distilled water. If necessary, stir the contents until completely dissolved. Move the 
solution to bottles and mark them. 


Demonstration experiment Number 1 


NOTE! This experiment performs a teacher! 

Pour about 75 mL of distilled water into a 250 mL Erlenmeyer flask and pour 2-3 drops of phenolphthalein solu- 
tion and mix the solution on a magnetic stirrer. Put a piece of elemental sodium in this solution. 

Describe the observations: 


Corresponding equation of this chemical reaction: 


Demonstration experiment Number 2 


NOTE! This experiment performs a teacher! 

Take a piece of magnesium and put it in the flame with tweezers. 

The product of combustion is (name) (molecular formula). 
Corresponding equation of this chemical reaction: 


Measure the product on the digital scale and calculate how much magnesium reacts with oxygen. 

grams of product were created. It reacts grams of magnesium. 
Transfer the product to a test tube and add about 2 mL of distilled water and a few drops of phenolphthalein. 
What is the colour of the resulting solution? Why? 


Select the substance from the workplace to add to the test tube to change the colour of the solution. Explain 
the choice. 
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Experiment Number 3 


There is a 0.1 % solution of calcium hydroxide in front of you. Pour 4 mL of this solution into a test tube and add 
a few drops of phenolphthalein. Using a straw, blow air into the test tube and record the number of exhalations 
required to change the colour of the indicator. 

Exhaled gas that reacts with calcium hydroxide is: 
Corresponding equation of this chemical reaction: 


Calculate how many grams of the gas is in your breath. 
The test tube contained grams of calcium hydroxide. 
The average breath contains grams 


Experiment Number 4 


Using only substances and laboratory equipment that are in front of you, inflate the balloon. 
Corresponding equation of this chemical reaction: 


Experiment Number 5 


An unknown inorganic white substance that contains copper is in front of you. 
HINT! This substance can be obtained in reaction neutralization. 

Move the unknown compound to watch glass and add a drop of water. 
Describe the observations: 


The unknown inorganic white substance is: 


Experiment Number 6 


NOTE! There were 4 teams, and every team had the task to make a solution with different concentrations (1 %, 3 

%, 5%, and 7 %). 

Make 50 mL of a 7 % solution of copper (II)-sulphate. Mark the glass with the letter C. Try to visually arrange cups 
A,B, C, and D in ascending order of concentration. Put one iron nail in your glass and leave until the next experi- 
ment. 


Experiment Number 7 


Examine the reactivity of the 4 metals that are in front of you (magnesium, iron, copper, zinc) using the reaction 
with hydrochloric acid. Use test tubes and 2 M hydrochloric acid for testing. 

Corresponding equations of these chemical reactions: 

Test tube 1: 

Test tube 2: 

Test tube 3: 

Test tube 4: 

Order of metal reactivity: > > > 
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Appendix 2 


Instructions for the second activity 


Demonstration experiment Number 1 


NOTE! This experiment performs a teacher! 

There are two white powdered substances on the desk, sugar, and kitchen salt. Use the apparatus from the desk 
to find out which substance is sugar, and which is kitchen salt. 

The test substances differ in: 


Experiment Number 1 


In front of you, there are 2 beakers. Beaker A contains 10 % sodium chloride solution, and beaker B contains 25 
% sodium chloride solution. Test the conductivity! 
Explain the observations: 


Experiment Number 2 


On the desk, you will find the burette filled with a 10% solution of hydrochloric acid (HCI). The Erlenmeyer flask 
contains a solution of sodium hydroxide (NaOH) of unknown concentration. Add 2 drops of methyl orange to 
the sodium hydroxide solution. Titrate the sodium hydroxide solution with the hydrochloric acid solution until 
the colour of the indicator changes and note the volume of acid consumed. Determine the mass of sodium 
hydroxide (NaOH) in the sample. 

The indicator methyl orange changes colour from to 

Corresponding equation of this chemical reaction: 


The mass of sodium hydroxide in the sample is g? 


Experiment 3 


Preparation of the indicator from red cabbage: 

Cut the red cabbage into larger pieces. Put pieces into a beaker, pour water over it, and boil it for about 30 sec. 
When the solution has cooled, decant, and use the solution as an indicator. 

Pour the indicator solution into six test tubes and then add a few drops of the following substances to each: 2 
M sodium hydroxide (NaOH), 2 M hydrochloric acid (HCI), saturated sodium bicarbonate solution (NaHCO,), 2 
M acetic acid (CH,COOH), as well as on top of a teaspoon of solid sodium bicarbonate (NaHCO,) and sodium 
chloride (NaCl). 

Repeat the procedure with the other indicators phenolphthalein, bromothymol blue, and methyl orange. After 
testing, fill in the table with observations by entering the colours of the indicators of the tested substances in 
the empty fields. 
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Table A1 


Students’ Observations after Experiment 


Indicator from red cabbage Phenolphthalein Bromothymol blue Methyl orange 
Test substances 


Experiment Number 4 


Examine the acid/base properties of two salts: aluminium (Ill)-sulphate and calcium carbonate with an optional 


indicator. 

Circle the correct answer: 

The solution of aluminium (IIl)-sulphate is: NEUTRAL BASE ACID 
The calcium carbonate solution is NEUTRAL BASE ACID 
Appendix 3 


Procedures for making New Year's decorations made by students 


Figure A1 
Procedure for Obtaining Crystals 
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Figure A2 


Procedure for Obtaining Plastic Decorations from Milk 


Figure A3 
Procedure for Obtaining Plastic Decorations from Gelatine 
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Figure A4 


Procedure for Obtaining Decoration from Recycled Paper 


Figure A5 


Decorations from recycled paper 


Procedure for Obtaining Glue from Casein 
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Start heating 100 mL of milk in a beaker on the stove. When you notice steam on the walls 


of the beaker, add 10 mL of vinegar and mix gently with a stirring rod for 20 sec. 


Drain the mixture through gauze, carefully because it will be warm. Measure 4 grams of casein 


and put it in a 150 mL beaker and pour 4 mL of distilled water over it. 


Stir until you obtained a homogenous solution. Now, add 1 g of live lime (CaO) 


into a new glass and pour 4 mL of distilled water. This mixture should be stirred 


until calcium oxide dissolves. Then, with constant stirring, add the CaO solution to casein. 


An obtained homogenous mixture is glue. 
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First questionnaire 

Class: School performance: Grade (Chemistry): 
1. At school | have the opportunity to work on projects: 

a) Often; 

b) Sometimes; 


c) Never. 


2. | have different types of the project activities in classes (cite subject/s): 


3. During solving project tasks most useful for me are: 
a) Practical abilities; 

b) Theoretical knowledge; 

c) Both. 


4. At school, | have the opportunity to learn and solve tasks in teams: 
a) Often; 

b) Sometimes; 

c) Never. 


5. Cite subject/s on which classes you work in teams: 


6. How often your school organizes creative workshops, exhibitions of arts, and sales for charity: 


7. Do you like to participate in creative workshops, exhibitions of arts, and sales for charity: 
a) Yes; 

b) Only on teacher's insistence; 

c) No. 


8. Do you like to work in a team? 
a) Yes; 
b) No; 
c) It depends (cite reason) 


9. | like to solve problems and tasks independently (on my own): 
a) Always; 

b) Never; 

c) It depends (cite reason) 


10. | have the possibility to express my own opinion at school: 
a) Always; 

b) Never; 

c) It depends (cite reason) 


11. | have the possibility to offer a solution and express creativity at school: 
a) Always; 

b) Never; 

c) It depends (cite reason) 
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12. | take the initiative during learning on classes and solving tasks: 
a) Always; 

b) Never; 

c) It depends (cite reason) 


13.1 take a risk during learning on classes and try to solve tasks in my own way: 
a) Always; 

b) Never; 

c) It depends (cite reason) 


14. Do you like to work independently during the solving tasks or rather choose to work in a team: 
a) | like to work independently; 

b) | like to work in a team; 

c) Equally, for me it is important that the task is solved. 


15. Results of teamwork: 
a) | gladly present on the behalf of the team; 
b) | prefer other students to present. 


16. During learning and solving tasks: 
a) | use and connect with acquired knowledge from other subjects; 
b) | concentrate only on that specific subject and topic. 


17.1 get into conflicts during working in a team: 
a) Often; 

b) Sometimes; 

c) Never. 


18.1 can use knowledge and skills acquired in the school in a real-life situations: 
a) Often; 

b) Sometimes; 

c) Rarely. 


Appendix 5 
Second questionnaire 


1. Do you prefer to learn chemistry through activities like this or on the classical school classes and cite the 
reason: 

a) On the classical school classes; 

b) Through activities like this. 


2. After activities | have more confidence in my own chemistry knowledge: 
a) Yes; 
b) No. 


3. During the activities | have the possibility to offer a solution and opinion: 
a) Yes; 
b) No; 
c) It depends 


1162 


Ass https://doi.org/10.33225/jbse/22.21.1143 


Journal of Baltic Science Education, Vol. 21, No. 6A, 2022 


ISSN 1648-3898 /Print/ INQUIRY AND PROJECT-BASED LEARNING AS AN APPROACH FOR DEVELOPING 
ENTREPRENEURSHIP COMPETENCIES IN PRIMARY SCHOOL HIGH-ACHIEVING STUDENTS 
ISSN 2538-7 1 38 /Online/ (PP. 1143-1164) 


4. During the activities | take the initiative in learning and solving tasks: 
a) Yes; 
b) No; 
c) It depends 


5. During the activities | have an opportunity to solve tasks in a different way than usual: 
a) Yes; 
b) No; 
c) It depends 


6. During the activities | have an opportunity to collaborate with other participants in order to successfully solve 
the task: 

a) Yes; 

b) No; 

c) It depends 


7. During solving chemistry tasks through activities, | use the knowledge acquired on other classes: 
a) Yes (cite subject/s) : 
b) No. 


8. | can use knowledge and skills acquired during the activities in a real-life situations: 
a) Yes (explain) 4 
b) No. 


9. Experiences from the activities will help me to believe more in myself and be more confident in communica- 
tion and teamwork: 

a) Yes; 

b) No; 

c) It depends 


10. After the activities, my self-confidence in communication under unknown environment is: 
a) Bigger; 

b) Less; 

c) Same. 


11. Which part of the activities you liked the most: 


12. Do you have difficulties during communication and solving the last task: 
a) Yes (cite which difficulties); 


b) No. 


13. What sources of information you did use for solving the project task: 


14. During teamwork and activities | felt (underline the answer that describes you): 


Safe Unsafe 
Satisfied Unsatisfied 
Good mood Bad mood 
Curious Bored 
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Appendix 6 


Year's decorations made by students 


Figure A6 
Students’ works: New Year's decorations made from recycled paper (left) gelatine (middle left) milk (middle right) and 
crystals and gelatine (right) 
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THE WATERWORKS: A CONTEXT 
FOR UNDERSTANDING 
CHEMISTRY CONCEPTS IN THE 
SEVENTH GRADE OF PRIMARY 
SCHOOL 


Milos S. Kozic¢, 
Dragica D. Trivic 


Introduction 


The development of science and technology contributes to continuous 
progress of the society, which consequently creates a need to constantly 
reassess young people's education and their preparation for their future 
personal, professional, and societal life. Science education involves the for- 
mation of scientific knowledge, the knowledge of the nature of science and 
the processes of creating the scientific knowledge, of the significance of that 
knowledge and the limitations of science (OECD, 2013). It enables the young 
to apply the knowledge and skills to solve problems, and to logically and 
critically consider some issues which are relevant to them personally and to 
their professional activities and societal life (Stuckey et al., 2013). 


Research Problem 


The results of national research studies have shown that the young 
consider the subjects from the field of natural sciences, including chemistry, 
to be irrelevant, and the knowledge and skills acquired to be useless, both 
in everyday life and in their future professions (Adamov et al., 2009). Young 
people mention chemistry as one of the hardest school subjects to study, 
which decreases their motivation for learning (Adamov et al., 2009; SiSovié 
& Bojovi¢, 1999). In this situation the context-based approach to teaching 
and learning chemistry could contribute to making the teaching contents 
more relevant to young people, by including an individual, a societal, and a 
vocational dimension of relevance (Stuckey et al., 2013), which would also 
contribute to their positive attitude towards science and studying chemistry 
(Bennett et al., 2007; Mandler et al., 2012). 

Context-based learning enables students to relate newly acquired 
knowledge to their prior knowledge and experience, and to apply the ac- 
quired knowledge (Nentwig et al., 2007). Context-based approach to science 
teaching was developed with the aim of creating a learning environment 
which would meet various needs of students, society and science (Taconis 
et al., 2016), develop scientific literacy (Gilbert, 2006), reduce the students’ 
perception that science is difficult to study, that it has little relevance to their 
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lives and careers (Osborne & Dillon, 2008). Science introduced in an out-of-school context of the real world is more 
“authentic” and students can recognise it as more relevant (Braund & Reiss, 2006), which is in line with the didactic 
model of relevance (Eilks & Hofstein, 2015), goals and importance of chemistry education. Students should be en- 
abled to objectively deal with socio-economic, ethical and ecological problems of modern times (Chowdhury, 2013). 

Industry field trips within which students observe the production processes in chemical industry represent 
one of the contexts which can improve their achievements in studying chemistry (Forest & Rayne, 2009; Hofstein 
& Kesner, 2006; Hofstein & Kesner, 2015; Jung et al. 2017). 


Research Focus 


Field trips provide students with an out-of-classroom learning experience in an authentic environment or at 
interactive sites designed for educational purposes (Kisiel, 2005; Tal & Morag, 2009). The teaching/learning process 
that occurs during an industry field trip emphasises the contribution of industrial chemistry to the production 
and processing of useful materials and efficient technologies, without which it would be impossible to imagine 
responses to many demands of everyday life (Nae et al., 1982), and thus provides the students with opportunities 
to experience the industrial environment, concrete phenomena and materials directly (Hofstein & Kesner, 2006) 
and to gain new information in real-life situations (DeWitt & Storksdieck, 2008). Industry field trips are planned 
within chemistry education in order to demonstrate the application of the previously studied chemistry concepts 
and principles used within the production processes in chemical industry, to point out the relevance of industrial 
production processes and the significance of chemical industry for a country’s economy (Nae et al., 1982). They 
can include chemical, technological, ecological and social aspects of production (Hofstein & Kesner, 2006; Nae et 
al., 1980). 

Within some industry field trips students can conduct chemical analyses and experiments as a simulation 
of industrial production and processing (Orion, 1993; Orion & Hofstein, 1994). They have an opportunity to com- 
municate actively with the environment (Hofstein & Rosenfeld, 1996; Krepel & Duvall, 1981), to reconsider and 
improve their understanding of the concepts and processes learned during instruction (Forest & Rayne, 2009), and/ 
or from their personal experiences, to increase their interest and motivation (Orion, 1993; Orion & Hofstein, 1994), 
to develop their critical thinking skills (Chowdhury, 2013) and the analytical skills necessary for problem-solving, to 
improve their decision-making skills and cooperation and communication skills by working in small groups, and to 
acquire greater self-confidence and longer-lasting knowledge. The benefits achieved by field trips are various types 
of academic knowledge, improved communication skills, persistence, diligence, responsibility, keener perception, 
improved motor skills, adroitness and creativity in finding and using resources, more developed critical thinking, 
knowledge integration and the generation of the interest in the process of life-long learning (Farmer & Wott, 1995; 
Forest & Rayne 2009; Storksdieck, 2006). 

A proper organisation of a field trip and the role of the teacher who creates the teaching/learning process 
contribute to making the students’ experience gained by the field trip long-term (Rennie, 2007). When planning a 
field trip, it is important for teachers to previously become familiar with the site to be visited and to coordinate their 
own and students’ activities planned to be done at that site with the curriculum goals (Kisiel, 2005). In addition to 
this, students should be given some basic information about the aim of the field trip, the time organisation, and 
the activities which they will do during their field trip (Rennie & McClafferty, 1995; Rudmann, 1994). 

Industry field trips in chemistry education establish cooperation between schools and industry (Brunton & 
Coll, 2005). This partnership provides students with favourable learning opportunities and with an opportunity for 
problem-based learning. It is recommended to invite experts to explain their profession and work to students during 
or after the field trips (Harrison, 1998; Hofstein & Kesner, 2006). This enables students to understand the importance 
of knowledge in decision-making within the social environment in which they live (Sivan et al., 2000; Stuckey et 
al, 2013). Students obtain an insight into different professions by observing industrial processes (Sanroman et al., 
2010), gain valuable experience, teamwork, and problem-solving skills necessary for their future career (Riebe et 
al., 2013), as well as time management skills and project management skills. Experts from various fields provide 
students with an opportunity to obtain information about their future school projects (Goldberg et al., 2014), 
working environment within the industrial facility (Metrejean et al., 2002) and different kinds of professions and 
jobs available upon finishing a specific school. This can be useful for both parties — the students and the industry. 


1166 


ASS https://doi.org/10.33225/jbse/22.21.1165 


Journal of Baltic Science Education, Vol. 21, No. 6A, 2022 


= i THE WATERWORKS: A CONTEXT FOR UNDERSTANDING CHEMISTRY CONCEPTS IN THE 
ISSN 1648 3898 Sopee SEVENTH GRADE OF PRIMARY SCGHOOL 
ISSN 2538-7 1 38 /Online/ (PP. 1165-1180) 


Research Aim and Research Questions 


The aim of this research study was to explore to what extent students improve their understanding of water, 
solutions, mixtures, and the methods used for separating mixture components in the context of the waterworks, 
and what their views towards such an approach are. The following research questions arose from the defined 
research aims: 

1. To what extent does the context of water treatment processes at the waterworks improve the under- 
standing of the curriculum contents about mixtures, the methods used for separating mixture com- 
ponents, solutions and water compared with the conventional instruction? 

2. How do students evaluate the relevance of the activities in the context of the production process, the 
effect of these activities on their understanding of chemical concepts and their motivation for study- 
ing chemistry? 


Research Methodology 
General Background 


In this quasi-experimental research study, the effects of the application of the waterworks context within the 
elaboration of the teaching unit Water and its significance for the living world in the seventh grade of primary school 
(students aged 13 to 14 years; in our educational system, it is the second cycle of primary school education) were 
examined. This teaching unit was chosen because it includes the contents and activities which are relevant to an 
individual and the society, and which are important for the development of the young into responsible citizens 
who take care of the environment in their everyday activities and have a potential to improve their chemical lit- 
eracy. In addition to this, it presents a suitable framework for illustrating the connection between the knowledge 
and skills developed by studying chemistry and their practical application within the professional activities. The 
research study was conducted in May 2018. 


Sample 


The sample in this research study consisted of 36 seventh grade students from two primary schools in the 
territory of Belgrade divided into two groups — the experimental group and the control group, each with 18 stu- 
dents. The number of the students included in the research study was determined based on the limitations on the 
maximum number of students who could be present at the waterworks due to the safety of the students and the 
effective realization of the activities. The experimental group and the control group were fairly equal in terms of 
gender (there were nine boys and nine girls in the control group, and ten boys and eight girls in the experimental 
group). There was not a statistically significant difference between the groups regarding the average grade in 
chemistry at the end of the first term of the seventh grade of primary school (the average chemistry grade of the 
students in the control group on a scale of 1 to 5 was 4.2, while in the experimental group it was 4.0). 

Before commencing the research, talks had been conducted with the management and with the chemistry 
teachers in both schools regarding the subject, aims and methodology of the research being planned, as well as 
the participation of students. After the consent to start with the research study had been obtained, a contract of 
cooperation was concluded between the Faculty of Chemistry and both schools, signed by the Dean of the Faculty 
and the principals of both schools. At the beginning of the research, the students were explained the aims of the 
research study and in what kind of activities they were expected to participate. The same teacher worked with 
the students from both the experimental group and the control group (the first author of the paper). All students 
who participated in the research study had voluntarily agreed to participate in it. They were informed that they 
were allowed to withdraw from the planned activities at any moment, that the results achieved would be used 
only for the purpose of the research study and that they would not influence their chemistry marks and their final 
mark. They were offered an opportunity to be informed about the results achieved through their participation in 
this research study if they wanted. 
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Instruments and Procedures 


For the purpose of this research study, two instruments were designed — a test for pre- and post-testing anda 
questionnaire. The test items were based on the curriculum and the contents of general chemistry in the approved 
and current chemistry textbooks for the seventh grade of primary school. This enabled each student to answer 
the test items. The test contains six sets of items of open and closed type, with a total of 17 items (Appendix 1). 
The items related to two topics of the curriculum: Chemistry as an experimental science and chemistry in the world 
around us (the first set of items - the examples of elements, compounds and mixtures) and Homogeneous and 
heterogeneous mixtures (sets of items 2, 3, 4, 5 and 6 - solutions, mixtures and the methods used for separating 
mixture components). Within their previous chemistry education, the students had gained experience of answering 
the types of items which were used in the test and the prior knowledge necessary to understand the test items. 

The questionnaire used in the research study had five open-ended items and six items which involved express- 
ing one’s attitude on a 5-point Likert scale of assessment (Appendix 2). 

The validity of the test and the questionnaire based on the defined aims and research questions was examined 
by the members of the Department of Chemical Education, the University of Belgrade — the Faculty of Chemistry, 
two pedagogues and five chemistry teachers who were not included in the research planning. In addition to this, 
they examined if the test items were in line with the chemistry curriculum, if they were clearly formulated and if 
all students had had equal opportunities to acquire the prior knowledge necessary for formulating the answers 
within the instruction at school. Both instruments were improved upon receiving the feedback from them. 

The test reliability was assessed through internal consistency, i.e., the Cronbach alpha coefficient was de- 
termined. The Cronbach alpha coefficient of internal consistency of the test was .72 for the pre-test, and .74 for 
the post-test. The questionnaire reliability was determined for the items which included the Likert scale, and the 
value of the Cronbach alpha coefficient was .77. Since the values of the Cronbach alpha coefficient of the internal 
consistency are higher than the lowest value allowed — .70, the test and the questionnaire can be considered to 
have sufficient internal consistency (Nunnally, 1978). 

The plan of the activities during the research study is shown in Table 1. 


Table 1 
The Activities of the Control and Experimental Group During the Research Study 


Classroom 


period Control group Experimental group 
1 (45 minutes) Pre-test Pre-test 
2 and 3 Elaboration of the teaching unit Water and its signifi- _ Elaboration of the teaching unit Water and its significance 
(90 minutes) cance for the living world using the conventional for the living world during a field trip to the waterworks: 
approach at school: 1. anintroductory conversation conducted by a technologist and 
1. a conversation about the properties of water and its the teacher with the students about water in nature and its 
significance for the living world; significance for the living world; 
2. looking at and analysing photographs about water pro- 2. a tour of the waterworks, observation and a conversation 
duction technologies and water treatment processes. conducted by the technologist and the teacher with the 
students about water production technologies and water 
treatment processes; 

3. career guidance conversation with the staff working at the 
waterworks (a technologist, a sanitation technician, a labora- 
tory technician) and providing answers to the questions about 
the drinking water quality control. 

4 (45 minutes) Post-test Post-test and questionnaire completion 


At the beginning of the research study both groups did a pre-test in order to establish the similarity of the 
groups regarding their previous knowledge of substances, mixtures, the methods used for the separation of mix- 
ture components, solutions and water. In the next two classroom periods, students from the control group were 
taught about water and its significance using the conventional approach at school, while the students from the 
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experimental group were taught in the context of the waterworks. The students’ activities planned to be realised 
during the field trip to the waterworks were guided by the technologist employed at the waterworks and the 
teacher (Table 1). 

A post-test was conducted in the first subsequent chemistry classroom period after the activities in the control 
and experimental groups (i.e., seven days after the pre-test) in order to examine the effects of the context-based 
approach within the field trip to the waterworks and the effects of the conventional approach on understanding 
the contents of chemistry. A questionnaire was used to investigate the views of the students from the experimental 
group on the relevance and effects of the activities during the field trip to the waterworks on their understanding 
of the chemical concepts and motivation to learn chemistry. 


Data Analysis 


The collected data were processed using the statistical program for social science (SPSS 19). The t-test was 
conducted to determine whether there were any statistically significant differences among the groups’ mean scores 
in the pre- and post-test, as well as to explore the statistical significance of the difference in the percentage of 
correct answers for each item between groups. The students’ responses to open-ended items in the questionnaire 
were coded and the frequency of the responses within each category was determined. 


Research Results 
The Characteristics of the Distribution of the Pre- and Post-test Scores 
Table 2 shows the characteristics of the distribution of the scores achieved by both groups in the pre- and 
post-test: the number of participants (N), the minimum (Min) and maximum (Max) number of achieved points in 
the test, the mean (M), the standard deviation (SD), the skewness and kurtosis values. 
Table 2 


The Characteristics of the Distribution of the Pre- and Post-test Scores for Both Groups of Participants (the Maximum Number 
of Points was 17) 


Group N Min Max M SD Skewness Kurtosis 
Control group 18 4 16 10.1 3.3 0.087 -0.756 
Pre-test 
Experimental group 18 3 15 9.2 3.5 0.115 -0.789 
Control group 18 4 15 9.6 3.2 0.030 -0.985 
Post-test 
Experimental group 18 8 17 12.7 2.9 0.075 -0.958 


As can be seen in Table 2, the skewness and kurtosis values are within the acceptable range (+1), so the 
distribution of the results can be considered normal. The normality of the distribution of the obtained results was 
additionally examined using the Shapiro-Wilk test, suitable for testing the characteristics of the distribution of 
scores in a small sample (Table 3). 


Table 3 
The Evaluation of the Normality of the Score Distribution Using the Shapiro-Wilk Test 


Pre-test Pre-test Post-test Post-test 
Control group Experimental group Control group Experimental group 
Ww df p Ww df p W df p Ww df p 
0.975 18 883 0.963 18 .660 0.956 18 532 0.927 18 173 


Based on the results presented in Table 3 it was concluded that the distribution of the scores in the pre-test 
and the post-test in the control and experimental group could be considered normal. 
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By employing the independent sample t-test (Table 4), it was established that there was not a statistically 
significant difference between the groups regarding their achievements in the pre-test, i.e., that the students 
from the experimental and control group had similar prior knowledge. However, the mean scores achieved by 
the experimental group in the post-test were statistically significantly higher than the mean scores achieved by 
the control group. 


Table 4 
The Statistical Significance of the Differences in the Means of the Independent Samples in the Pre- and Post-test 


t df p 
Pre-test 0.778 34 442 
Post-test -3.050 34 .004 


The Scores for the Individual Items of the Pre- and Post-test 


Table 5 presents the number and percentage of students in both groups who correctly and incorrectly an- 
swered the pre-test items, as well as the values of the t-test, which was used to examine the statistical significance 
of the difference in the percentages of correct answers in the groups. The difference in the percentages of correct 
answers in the two groups of participants was not statistically significant for any of the items of the pre-test, with 
the control group having a higher percentage of correct answers to 13 out of 17 items. Thus, it was established 
that the students from both groups had similar prior knowledge of the tested contents. 


Table 5 
The Frequency of Correct and Incorrect Answers in the Control and Experimental Group in the Pre-test (the Maximum Number 
of Points was 17) 


Control group (N =18) Experimental group (N =18) 
Item Correct answers Incorrect answers Correct answers Incorrect answers tore 
N % N % N % N % 
la 6 33.3 12 66.7 10 55.6 8 44.4 “1.338 
1b 6 33.3 12 66.7 9 50.0 9 50.0 -1.000 
1c 7 38.9 11 61.1 6 33.3 12 66.7 0.338 
1d 13 72.2 5 27.8 "1 61.1 7 38.9 0.692 
le 15 83.3 3 16.7 12 66.7 6 33.3 1.144 
Tf 15 83.3 3 16.7 13 72.2 5 27.8 0.786 
2 9 50.0 9 50.0 8 44.4 10 55.6 0.325 
3a 13 72.2 5 27.8 10 55.6 8 44.4 1.027 
3b 14 778 4 22.2 10 55.6 8 44.4 1.414 
3c 14 778 4 22.2 13 72.2 5 27.8 0.375 
3d 11 61.1 7 38.9 9 50.0 9 50.0 0.656 
3e 15 83.3 3 16.7 11 61.1 uf 38.9 1,493 
4 2 11.1 16 88.9 4 22.2 14 778 -0.879 
5 12 66.7 6 33.3 11 61.1 7 38.9 0.338 
6a 11 61.1 7 38.9 8 44.4 10 55.6 0.987 
6b 8 44.4 10 55.6 11 61.1 v 38.9 -0.987 
6c 10 55.6 8 44.4 9 50.0 9 50.0 0.325 


Table 6 presents the number and percentage of students in both groups who correctly and incorrectly an- 
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swered the post-test items, and the values of the t-test, which was used to examine the statistical significance of 
the difference in the percentages of correct answers in the groups. 


Table 6 


The Frequency of Correct and Incorrect Answers in the Control and Experimental Group in the Post-test (the Maximum Number 
of Points was 17) 


Item 


6c 


Correct answers 


% 
33.3 
44.4 
44.4 
178 
778 
12.2 
55.6 
712.2 
55.6 
12.2 
44.4 
88.9 
27.8 
50.0 
44.4 
50.0 
44.4 


Control group (N =18) 


Incorrect answers 


a wo FD won fF fF 


. . , 
OR > ESR wo Bea oS 


10 


% 
66.7 
55.6 
55.6 
22.2 
22.2 
27.8 
44.4 
27.8 
44.4 
27.8 
55.6 
11.1 
12.2 
50.0 
55.6 
50.0 
55.6 


Experimental group (N =18) 


Correct answers 
N % 
13 72.2 
11 61.1 
11 61.1 
17 94.4 
13 72.2 
13: 72.2 
11 61.1 
14 178 
16 88.9 
17 94.4 
16 88.9 
14 778 
9 50.0 
12 66.7 
13 72.2 
14 78.8 
14 78.8 


Incorrect answers 


N 
5 
7 
7 


1 


=-~ NO FN OO 


& Bee cn fe © Bey 


*The difference in the percentages of correct answers is statistically significant at the .05 level. 


% 
27.8 
38.9 
38.9 
5.6 
27.8 
27.8 
38.9 
22.2 
11.1 

5.6 
11.1 
22.2 
50.0 
33.3 
27.8 
22.2 
22.2 


The statistical significance of the difference in the percentages of correct answers in the pre- and post-test 
in each group of participants was examined using the t-test (Table 7). The ordinal numbers of the activities (as 
listed in Table 1) conducted at the waterworks which could have influenced the results achieved in the test are 
also given in Table 7. 


Table 7 


The Significance of the Difference between the Percentages of Correct Answers in the Pre- and Post-test in Each Group, and in 


the Post-test between the Groups 


pre-test — post-test 


Control group 


0.000 
-1.458 
-0.566 
-1.000 
1.000 
1.458 
-0.566 
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-1.374 
-1.458 


-2.557* 
-2.915* 


-0.437 
0.000 
-1.844 


pre-test — post-test 


Experimental group 


tojoesitaeh - E(post-test) 


-2.466* 
-0.987 
-0.987 
-1.448 
0.375 
0.000 
-0.329 


Activities of the experimental 


group (Table 1) # 


(1 
(1 
(1 
(1 
(1 
(1 
( 


) 
) 
) 
) 
) 
) 
(1), (2); (8) 
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3a 0.000 -2.204* -0.375 (1) 

3b 1.288 -2.062 -2.338* (1) 

3c 0.369 -2.204* -1.821 (1) 

3d 1.374 -2.115* -3.117* (1) 

3e -0.566 -1.844 0.879 (1) 

4 1.844 2.557" 1.365 (2), (3) 

5 1.844 0.566 1,000 (2), (3) 

6a 1.844 -2.557* A112 (2), (3) 

6b 0.369 1,000 1.761 (2), (3) 

6c 0.697 2.051 2124" (2), (3) 


*The difference in the percentages of correct answers is statistically significant at the .05 level. 


Results of the Questionnaire 


Table 8 shows the frequencies of students’ responses in the experimental group regarding their liking of 
studying chemistry, their interest in studying school subjects in the context of industrial production processes, 
the effects of field trips on understanding chemistry, and the relevance of the knowledge acquired during the 
field trip to the waterworks. 


Table 8 


The Frequencies of Students’ Responses Regarding Their Liking of Studying Chemistry, and Regarding the Contribution and 
Relevance of Field Trips, N=18 


Answers 


Questions 


Do you like studying chemistry? 12 66.7 6 33.3 


Would the context of industrial production processes increase you interest in studying chemistry? 16 88.9 2 11.1 


Can chemistry be understood better if the instruction is carried out within the field trips similar to the field 


trip to the waterworks? 7 94.4 1 5.6 


Do you consider the knowledge gained by the field trip to the waterworks relevant to your life in the 


society? 5 83.3 3 16.7 


Table 9 contains the students’ explanations as to why they would be more interested in studying chemistry 
in the context of field trips. 
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Table 9 


Students’ Explanations as to Why They are Interested in Studying in the Context of Field Trips, N=18 


Explanations N % 
Learning outside the classroom is more interesting. 5 27.8 
By learning outside the classroom, we experience the real processes in our environment. 4 22.2 
We will remember the teaching material more easily. 3 16.7 
We develop new sills and learning potentials. 2 11.1 
Because we learn by investigating. 1 5.6 
We are better informed about various water treatment technologies. 1 5.6 
No response. 2 aed 


The explanations provided by the students from the experimental group as to why they believe that chemistry 
can be understood better in the context of field trips are listed in Table 10. 


Table 10 
Students’ Explanations as to Why Chemistry can be Understood Better in the Context of Field Trips, N=18 


Explanations N % 
It will be more interesting if we learn chemistry outside the classroom. 4 22.2 
We do different activities. 3 16.7 
We have a conversation with people who are employed in factories. 3 16.7 
The questions posed are answered with a demonstration on the spot. 2 11.1 
We become familiar with various learning environments, of which we have not been aware before. 2 11.1 
We can learn about some other factories. 1 5.6 
We can conduct chemical experiments during a field trip. 1 5.6 
We will remember the chemistry teaching material more easily if we observe chemical processes. 1 5.6 
| do not like travelling, | have other interests. 1 5.6 


Table 11 shows the students’ explanations as to why the knowledge acquired during the field trip is relevant 
to them. 


Table 11 
Students’ Explanations Regarding the Relevance of the Knowledge Acquired During the Field Trip, N=18 


Explanations N % 
We acquire general knowledge which is useful for the future. 5 27.8 
We acquire wider general knowledge. 4 22.2 
We learn how to be socially responsible. 3 16.7 
We get to know more about people’s professions and their roles in everyday life. 2 11.1 
We learn the meaning of some new terms and in this way, we improve our vocabulary. 1 5.6 
No response 3 16.7 


Table 12 presents the number and percentage of students who have expressed their attitudes towards study- 
ing chemistry in the context of the waterworks on a 5-point Likert scale of assessment. 
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Table 12 


Students’ Views on Learning Chemistry in the Context of the Waterworks, N=18 


1 * 2* 3* 4* 5* 
Statements 


The field trip to the waterworks was interesting. - - 1 5.6 2 11.1 5 27.8 10 55.6 


The activities we had during the field trip to the 


; - 8 44.4 7 38.9 1 5.6 2 11.1 
waterworks were too demanding. 


During the field trip to the waterworks, | broadened 


my knowledge of water. : ‘ : 2 11.1 3 16.7 i ee 


During the field trip to the waterworks, | broadened 


my knowledge of water treatment. ° 7 : md z MA mn as 


In the future, there should be more field trips to the 


: te - - 2 11.1 - - 6 33:3 10 55.6 
waterworks conducted in a similar manner. 


This kind of field trip increases my motivation for 


; : - - - - 2 11.1 4 22.2 12 66.7 
learning chemistry. 


*1 —| strongly disagree; 2 - | mostly disagree; 3 - | both agree and disagree; 4 - | mostly agree; 5 — | strongly agree 
Table 13 presents students’ responses regarding the advantages and disadvantages of the field trip. 


Table 13 
Students’ Views on the Advantages and Disadvantages of the Field Trip to the Waterworks, N=18 


Advantages N % Disadvantages N % 
We learn in an interesting way. 5 27.8 There are no disadvantages. 9 50.0 
The instruction includes practical experience. 4 22.2 Inge ifere some Unb lceeant odours dunngjourfigie 4 22.2 
trip to the waterworks. 
We learn something more, we complete our knowledge, and 4 22.2 The field trip was noisy. 3 16.7 
we leave the classroom. 
We do not use formulae and chemical calculations. 3 16.7. We have less time to study other school subjects. 2 11.1 


We meet experts who work at the waterworks — technologists, 
laboratory and sanitation technicians with whom we talk about 
things, which we find interesting about water treatment and 
water quality. 


11.1 


Discussion 
The Results for the Individual Items of the Pre- and Post-test 


In the first set of items of the pre-test, in which students were expected to classify the given examples into 
elements, compounds and mixtures, students from both groups were more successful at identifying the examples 
of chemical elements than the examples of chemical compounds and mixtures (water as a pure substance and 
waters in nature and in households). Four students from the control group and two students from the experimental 
group stated that they had not had a dilemma about this. 

The most common dilemma in both groups related to rainwater (seven students in the control group, i.e., 
38.9 %, and nine students in the experimental group, i.e., 50.0 %, stated this), and to deionised water (based on 
the answers, this was difficult for four students in each group, 22.2 %). One student from the control group and 
two students from the experimental group had a dilemma about the example of tap water. One student from the 
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control group had a dilemma about seawater, while one student from the experimental group had a dilemma about 
oxygen. Some other research studies indicate students’ problems in identifying the examples of chemical elements, 
compounds, and mixtures (Stains & Talanquer, 2007). Bearing in mind the percentage of incorrect answers in the 
pre-test and the above-mentioned dilemmas, it can be concluded that the students in this research study had 
difficulties in differentiating between water as a pure substance and waters found in nature, which are mixtures. 

The second item related to the students’ assessment was whether drinking water was a saturated, unsatu- 
rated, or supersaturated solution. The percentage of correct answers for this item in the pre-test has shown that, in 
comparison to the number of students from both groups who know that tap water is a mixture, a smaller number 
of them identify it as an unsaturated solution, which could be a consequence of a decontextualized approach to 
teaching (Pinarbasi & Canpolati, 2003). 

In the third set of items students matched waters in nature with the phases in which they are found in nature. 
The most frequent correct answer in the control group referred to the glacier, while in the experimental group it 
referred to lake water. The smallest number of correct answers in both groups of students in the pre-test referred 
to the phase of groundwaters. The percentage of correct answers to the items within this set also points out the 
problem of decontextualized approach in chemistry education, as well as the fact that students fail to find a con- 
nection between the contents of chemistry and the contents of other school subjects (primarily geography). 

In the fourth set of items, an experiment setup was described, the result of which was supposed to indicate 
that the mass fractions of the dissolved solid components were different in the following mixtures: mineral water, 
rainwater and tap water. In comparison to the other test items, the smallest number of correct answers was achieved 
for this item in both groups in the pre-test, which additionally indicates the students’ problem with understanding 
the composition of waters found in nature and tap water. 

The fifth question tested students’ knowledge of the methods used for obtaining soft water. Approximately 
two thirds of the students from both groups in the pre-test correctly chose the appropriate method among the 
options given. 

The first item in the sixth set of items was related to water treatment processes, and students were expected 
to decide in which order the given processes should be performed based on their description. In the second item 
students were expected to transfer their knowledge of the percolation method to a specific context and the role 
of the gravel and sand layer in water treatment by the percolation method which is used to remove impurities. 
The third item referred to the explanation of why the methods of water ozonation or prechlorination are applied. 
The responses of the students from both groups in the pre-test point out the need to use different contexts when 
teaching about the methods used to separate mixture components in order to form more functional knowledge, 
i.e., knowledge which could be applied to the examples which relate to real-life situations. 

The number of correct answers in the control group in the post-test compared to the results achieved in 
the pre-test increased for seven items, it stayed the same for two items, while it decreased for eight items. Even 
though it was established that there was not a statistically significant difference between the percentages of cor- 
rect answers of the students from the control group in the pre- and post-test (Table 7), it should be examined why 
the conventional approach caused confusion among some students. Compared to the number of correct answers 
in the pre-test, students from the experimental group gave more correct answers to 16 out of 17 questions of the 
post-test. The students from the experimental group statistically significantly improved their achievements in the 
post-test compared to the pre-test for seven items, 1c, 1d, 3a, 3c, 3d, 4 and 6a (Table 7). The percentage of correct 
answers in the post-test in the experimental group was higher for 14 out of 17 items compared to the control 
group, while this difference was statistically significant for four items (1a, 3b, 3d and 6c). The sixth set of items refers 
mostly to the practical application of the studied concepts, and it can be said that activities 2 and 3 within the field 
trip to the waterworks (Table 1) contributed to the fact that the students from the experimental group statistically 
significantly improved their achievement in the post-test regarding water treatment processes compared to the 
pre-test, as well as that they provided statistically significantly higher number of correct explanations why the 
methods of water ozonation or prechlorination are applied than the students from the control group (Table 7). In 
the light of the experience which the experimental group had at the waterworks, it can be concluded that it had 
the greatest influence on the better differentiating between the examples of elements, compounds and mixtures, 
the identification of the phases of waters in nature and the understanding of the water treatment processes. 
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Results of the Questionnaire 


Students from the experimental group who stated that they liked studying chemistry provided the follow- 
ing explanations: they found chemistry to be an interesting science (three students; 16.7 %), it was their favourite 
subject (three students; 16.7 %), it was more interesting than physics (one student; 5.6 %), their chemistry teacher 
was a good educator (two students; 11.1 %), their chemistry teacher motivated students to study chemistry us- 
ing various teaching methods (one student; 5.6 %) and learning chemistry was fun when students conducted 
experiments (one student; 5.6 %). These students’ responses are in line with the previously identified factors which 
influence the popularity of a school subject (Vaino et al., 2012). Students who did not like studying chemistry 
explained their dislike by writing that they found chemical formulae and equations difficult to understand (four 
students; 22.2 %) and that the contents of chemistry were difficult and too extensive (two students; 11.1 %). This 
is in line with the results obtained within previous research studies conducted in our education system (Adamov 
et al., 2009; Sigovié & Bojovic, 1999). 

Based on the most frequent answers to the second item in the questionnaire, out-of-classroom instruction is 
more interesting to students, and they believe that in that way they experience real processes from their environ- 
ment. This and the other explanations provided by the students (Table 9) are in line with the positive effects of 
field trips determined by other research studies (Hofstein & Kesner, 2006). 

With the exception of one student, other students from the experimental group believe that chemistry can 
be understood better in the context of field trips and their explanations (Table 10) show that they realise some of 
the important characteristics of learning during field trips (Chowdhury, 2013; Hofstein & Kesner, 2006). 

Most students consider the field trip relevant because it has enabled them to acquire general knowledge which 
they will need in the future (in line with the results obtained by Holbrook, 2005; Hoper & Kéller, 2018; Stuckey et al., 
2013) and to broaden their general knowledge. Some students have recognised the relevance of learning about 
social responsibility, finding out about professions and enriching their vocabulary by learning new terms (Table 11). 

The majority of the students strongly agree that they have broadened their knowledge of water and water 
treatment during their filed trip. Two thirds of the students strongly agree that the field trip has increased their 
motivation for chemistry learning, which is in line with the results of some other research studies (Itzek et al., 2016; 
Lantada et al., 2013). Slightly more than half of the students strongly agree that the field trip was interesting to 
them and that there should be more field trips of this kind in the future. As far as the assessment of the difficulty 
of the activities is concerned, the majority of the students mostly disagree that the activities were demanding or 
do not have a formed view on this. 

Based on the students’ most frequent answer, the main advantage of learning chemistry in the context of 
waterworks is the fact that it makes learning more interesting. The next most frequently mentioned advantages 
relate to out-of-the-classroom learning, which enables learning new things, completing previously acquired 
knowledge and practical work. A number of students have recognised the absence of the symbolic language of 
chemistry and calculations as an advantage. The responses of the students who have pointed out an opportunity 
to talk with professionals about the issues which they found interesting as an advantage are in line with some 
authors’ recommendations to invite experts who can describe their professional activities to students during field 
trips (Harrison, 1998; Hofstein & Kesner, 2006). The context of industry field trips thus enables the identification 
of initial competences necessary for the future professional orientation of the young (Gonzalez-Pena et al., 2021). 

Half of the students in the sample have stated that the conducted field trip had no disadvantages. Some of 
the disadvantages mentioned are the unpleasant odours and the noise, while several students have said that this 
approach did not leave them enough time to study for their other school subjects. 


Conclusions and Implications 


The research study was performed with two groups of students, one of which learned the lesson about Water 
and its significance for the living world in the context of waterworks (the experimental group), and the other one 
learned the lesson through the traditional approach at school (the control group). According to the results of the 
pre-test, the groups had similar prior knowledge. Based on the statistically significantly greater overall achieve- 
ments of the students from the experimental groups in the post-test in comparison with the control group, the first 
research question can be answered affirmatively, i.e., the context of the water treatment processes at the waterworks 
significantly improves the understanding of the chemical concepts in comparison with the conventional instruction. 
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Students’ responses to the questionnaire items indicate that the applied context increases their interest in 
learning chemistry and that this approach makes learning more interesting, that they want more field trips of this 
kind and that they enable them to experience real processes from their environment and to develop new skills, 
abilities, and motivation for learning. 

Students assess that the industry field trip is important to them since in this way they gain general knowledge 
necessary in the future, learn about social responsibility and various professional fields and activities, improve 
their general knowledge with the knowledge of water and its significance for the living world, of water treatment 
processes, and enrich their vocabulary by learning new terms. These advantages can provide an important support 
for future decision-making in personal, professional and social life, and for the identification of the competences 
necessary for professional orientation. 

The results of this research study have pointed out the potential of the waterworks as a context for learning 
and improving the understanding of the basic chemical concepts. The significance of this research study lies in the 
fact that, based on the literature review, the effects of industry field trips on the motivation of thirteen-year-olds 
to learn chemistry have not been studied yet. However, for students of that age it is important to start thinking 
about their future professional orientation and to gain insights into different professional activities, since they will 
soon have to choose their future secondary school. 

The limitations of the conducted research study relate to the fact that it is not possible to make generaliza- 
tions due to the sample size. The number of students in the experimental group was limited by the number of 
visitors allowed to the waterworks and by the conditions necessary to provide each visitor with an opportunity to 
observe the processes and participate in the activities. However, the research study has provided an insight into 
the potentials of such instruction and enabled the identification of the advantages and disadvantages, which is 
very useful for planning more effective field trips in the future. 
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Appendix 1: Test 
(1) Classify the examples given in the first row as elements, compounds and mixtures by writing the + sign in the 
right place in the table. 


a) Seawater b) Deionised water c) Rainwater d) Tap water e) Hydrogen f) Oxygen 


Element 


Compound 


Mixture 


What examples were most difficulty to classify? 


(2) Circle the letter next to the correct answer. Tap water is: 
a) a saturated solution 6) an unsaturated solution B) a supersaturated solution 


(3) Match the examples of waters in nature with their phase in nature by writing a letter on the corresponding line. 


a) water vapour in the atmosphere gas phase 
b) spring water 

c) lake water liquid phase 
d) groundwater 

e) a glacier solid phase 


(4) Several drops of mineral water were added onto the first metal plate, several drops of rainwater were added 
onto the second metal plate and several drops of tap water were added onto the third metal plate. The plates were 
then heated up until the water evaporated from them. Explain how you can determine on which plate rainwater 
drops had been before heating. 


(5) Circle the letter next to the correct answer. Which of the following methods can be used to obtain soft water 
from hard water? 
a) crystallisation b) distillation c) filtration d) decantation 


(6) Drinking water is obtained by treating water found in nature. This method consists of several processes. These 
processes are described below. 
A) Order the described processes of water treatment from the first to the last one by writing the smallest 
number on the line next to the first process, and the largest number on a line next to the last process. 
____ Passing water through grids and sieving — keeping larger impurities (which float) and small impurities 
(waste). 
____ Flocculation and clarification (decantation) of water —- adding substances with which some components 
present in water form insoluble substances which settle out in the water treatment basins. 
____ Percolation through sand — keeping the solid substances, water becomes clearer. 
____ Ozonation or prechlorination - destroying most of the viruses and bacteria, decomposition of the 
substances which cause water to have unpleasant smell and taste. 
____ Percolation through activated charcoal - removing the last impurities — microorganisms and dissolved 


substances. 
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____ Chlorination - destroying the cells of the remaining microorganisms and ensuring good quality of 
water. 

B) Percolation of water through a layer of gravel and sand is one of the processes used in water treatment 
at waterworks. CROSS OUT THE INCORRECT WORD in order to get a true statement. 
By percolating water through a layer of gravel and sand dissolved/undissolved impurities are removed. 

C) Explain why the process of ozonation or prechlorination is used in water treatment. 


Appendix 2: Questionnaire 


Answer the following questions by circling the answer with which you agree and by writing an explanation for your 
choice on the line. 

1. Do you like studying chemistry? YES NO 

Explanation: 


2. Would the context of an industrial production process increase your interest in studying chemistry? YES NO 
Explanation: 


3. Can chemistry be understood better if the instruction is carried out within the field trips similar to the field trip to the 
waterworks? YES NO 
Explanation: 


4. Do you consider the knowledge gained by the field trip to the waterworks relevant to your life in the society? YES 
NO 
Explanation: 


5. Express the degree of your agreement with the given statements about the conducted field trip to the Waterworks. 
(Descriptions of the agreement with the statements are the following: 1 — | strongly disagree; 2 - | mostly disagree; 3 - | 
both agree and disagree; 4 — | mostly agree; 5 — | strongly agree.) 
Statement 1 2 3 a) | 5 
The field trip to the waterworks was interesting. 
The activities we had during the field trip to the waterworks were too demanding. 
During the field trip to the waterworks, | broadened my knowledge of water. 
During the field trip to the waterworks, | broadened my knowledge of water treatment. 
In the future, there should be more field trips to the waterworks conducted in a similar 
manner. 
This kind of field trip increases my motivation for learning chemistry. 


6. What would you point out as the advantages and disadvantages of the conducted field trip? 
a) Advantages: 
b) Disadvantages: 
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Introduction 


The student response system (SRS) is widely used in teaching because 
empirical studies have shown that their application increases the engagement 
and involvement of students during the class (Heaslip et al., 2014). Responder 
systems are reliable and convenient (Dervan, 2014), very effective for both 
students and teachers. It makes learning easier for students and teaching 
for teachers (Aljaloud et al., 2015; Awedh et al., 2014). It has been confirmed 
that the application of SRS contributes to better student achievement and 
causes less mental effort in solving tasks compared to the conventional ap- 
proach (Radulovi¢, 2021). 

Ina review paper (Aljaloud et al., 2015), the researchers have explained 
that the future of the responder systems is in applications for cell phones 
and already existing mobile devices (tablets, laptops). One such application 
is Socrative - user-friendly online SRS. Unlike the ‘clickers’— special handheld 
remote responder devices, Socrative is web-based and requires no additional 
software or setup. A smartphone (or other mobile device) with a web browser 
and internet access is all that is needed (Balta & Tzafilkou, 2019). There area 
free Socrative version and a commercial Socrative Pro version (Socrative, n.d.). 
They are both fully functional, and the only advantages of a pro version are 
the unlimited number of quizzes, unlimited number of rooms and a larger 
group of students who can simultaneously access the application. 

Socrative enables formative assessment of students and offers instant 
feedback (Roman et al., 2021). Based on students’ responses, teachers can 
assess their progress. If students identify themselves during the accessing the 
application, it is possible to grade them and save their answers. This feature 
is very useful for teachers who are used to assessing students’ knowledge 
on aregular basis using short tests. Socrative provides the possibility to view 
results as a file in tabular form (Balta & Tzafilkou, 2019). 

One of the main reasons for using Socrative platform is the fact that 
it supports the application of various types of questions (Dakka, 2015), so 
teachers can organize various exercises and activities for students. As student 
responses can be presented immediately, a stimulating atmosphere is created 
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of 26 items organized in five subscales: 
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(Kaya & Balta, 2016), student engagement is increased (Dakka, 2015; Dervan, 2014; McKenzie & Ziemann, 2020) and 
cooperative learning is encouraged (Awedh et al., 2014; Dervan, 2014). The application of Socrative in chemistry 
teaching provides a solution for maintaining student engagement whether the courses take place live - face to face, 
online or in blended learning. The application of Socrative in online teaching of general chemistry during COVID-19 
managed to maintain a certain continuity and active learning even in a separate classroom (Christianson, 2020). 

Also, it was shown that most students have an easier understanding of material concepts and ambiguities 
during learning (Dervan, 2014; Roman et al., 2021). It has been found that the application of Socrative in Chemistry 
courses increased class attendance, academic performance, student satisfaction and motivation, and helped cre- 
ate a more pleasant learning environment (Roman et al., 2021). Similar findings were observed in the teaching of 
physics (Mendez-Coca & Slisko, 2013; Radulovi¢, 2021). The application of Socrative has proven to be very effective 
when carried out before an experimental session in chemical engineering (Garcia-Fayos et al., 2021). By solving tests 
via cell phones, students can easily assess their level of knowledge. Feedback on test errors before experimental 
work also provides them with information on the parts of the material in which they received poorer results and 
to which they should pay more attention. 


Research Problem 


Scientific literacy and critical thinking are key components of science education, and chemistry education 
in particular, that aim to prepare students to think and function as responsible citizens in a world increasingly af- 
fected by science and technology (Vieira & Tenreiro-Vieira, 2016). According to the official results of the Ministry 
of Education, Science and Technological Development of the Republic of Serbia of student achievement for 2018 
on the international PISA test, the average achievement in scientific literacy amounted to 440 points and was 
below average. Compared to the achievement of students from other countries in the region, the achievements 
of Serbian students were better than Montenegro, Northern Macedonia and Bosnia and Herzegovina, and lower 
than Croatia, Slovenia, and Hungary (Videnovi¢ & Capri¢, 2018). In order to improve learning of chemical content 
and chemical literacy in students, new methods of teaching have to be applied in Serbian schools, and the solu- 
tion could be the application of SRS. 

Striving to create a stimulating environment for students, the application of ICT in education has become an 
essential element of the educational environment (Hernandez, 2017). Based on the review of available literature, 
it can be concluded that the application of Socrative and generally SRSs increases student engagement in class 
(Balta & Tzafilkou, 2019; Dakka, 2015; Dervan, 2014; Santos et al., 2019). However, very few studies have examined 
the effectiveness of Socrative in chemistry education, and no such research was conducted in the Balkan countries. 
Therefore, the significance of this study is even greater and is reflected in the perception of the affective domain 
of student learning after the application of Socrative in the primary and secondary chemistry education in the 
Republic of Serbia. 


Research Aim and Research Questions 

The aim of the research was to examine students’ opinions on application of Socrative online platform as a SRS 
in chemistry education in order to improve chemistry teaching during classes of evaluation - to increase student 
participation and to develop a more efficient evaluation methodology. A research question that arose from the 
aim of the research was: What are the opinions of students of different age and gender and different achievement 
in chemistry toward the application of Socrative in chemistry teaching? 
Research Methodology 

General Background 
Since there is no published research on the application of Socrative platform as a SRS during chemistry classes 


in the Balkan countries, this research was aimed at obtaining students’ opinions on Socrative online quizzes dur- 
ing review of chemical content. This quantitative research was designed to be conducted in two parts: review 
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of content via cell phones using Socrative quiz, followed by filling out an online Google form with questions on 
students’ satisfaction with this form of formative assessment. A research instrument was designed according to 
the results from the research by Balta and Tzafilkou (2019). The research was conducted with students of primary 
and secondary school after the application of Socrative quiz during one review chemistry class in the second 
semester of 2020/2021. 


Sample 


The sample comprised two classes of students of the primary school “Dr Jovan Cviji¢” (in Zrenjanin) and two 
classes of the secondary school (Zrenjanin Grammar School) from Serbia. These classes were chosen because they 
were taught by the same chemistry teacher to avoid the interference factor in the research. The total number of 
students in these classes was 113, but 77 respondents completed the questionnaire. Of the total sample, 68.8% were 
seventh grade primary school students (aged 13-14), while 31.2% were fourth grade secondary school students 
(age 18-19). The sample consisted of 48.1% male and 51.9% female participants. 

All students participated in the research on a voluntary basis, and informal consent from parents, teachers 
and the school pedagogue/principal was obtained. The research was conducted anonymously to ensure student 
privacy. The students were informed about the goal of the research and that the results will be used exclusively 
for scientific purposes. The students could give up at any time. 


Instrument and Procedures 


The applied instrument consisted of 26 items on the 5-point Likert-type scale (Strongly Disagree = 1, Strongly 
Agree = 5). The items were divided into five subscales that referred to the advantages of using the Socrative ap- 
plication compared to other knowledge evaluation methods, opinions on its application, on student engagement 
during classes, ease of use and general impression after using the application. The questionnaire consisted of 26 
items organized in five subscales: advantage (questions 1-6), belief (questions 7-12), engagement (questions 13- 
16), usability (questions 17-21), and satisfaction (questions 22-26). The applied instrument was adapted from a 
questionnaire originally created by Balta and Tzafilkou (2019) for examining students’ opinions on the application 
of Socrative in teaching physics. The questionnaire was translated to Serbian and modified to suit the purpose of 
this research. The reliability coefficient of the instrument in this survey was .79. 

Free Socrative platform was used in chemistry classes during 2020/2021 with seventh grade primary school 
students and fourth grade secondary school students from Serbia. Socrative quiz was applied to primary school 
students during the reviewing the topic on homogeneous and heterogeneous mixtures (in primary school) and on 
antibiotics (in secondary school). Review of the teaching content was conducted using the online Socrative plat- 
form in the form of multiple-choice quizzes designed to facilitate understanding and to provide instant feedback 
to students. After class, the students filled out an online questionnaire provided as a Google form, in which they 
expressed their opinion on the application of Socrative in chemistry teaching by selecting one of the given answers. 


Data Analysis 
The collected data were processed using the IBM SPSS software (version 20). In addition to the calculation of 
descriptive statistics using t-test for independent samples and one-factor analysis of variance (ANOVA), the differ- 
ences between the given research variables were also tested. 
Research Results 
Students’ Opinion on the Application of Socrative in Chemistry Teaching 
In the first step, the descriptive statistics of all subscales were calculated (Table 1). It is observed from the 


table that the participating students have a highly positive opinion on the application of Socrative in chemistry in 
all five dimensions: advantage, belief, engagement, usability, satisfaction. 


1183 


https://doi.org/10.33225/jbse/22.21.1181 LT 


STUDENTS’ 


EDUCATION 
(PP. 1181-1190) 


Table 1 
Descriptive Statistics of Student Responses 


OPINIONS TOWARD USING ONLINE PLATFORM SOCRATIVE IN CHEMISTRY 


Journal of Baltic Science Education, Vol. 21, No. 6A, 2022 


ISSN 1648-3898 


/Print/ 


ISSN 2538-7138 soniines 


Kurtosis 


0.487 
0.588 
0.410 
0.698 
0.485 


Subscales Min Max M SD Skewness 
Advantage 18 28 23.21 1.86 0.066 
Belief 14 30 26.32 4.09 -1.191 
Engagement 7 20 16.79 3.39 -0.968 
Usability 12 25 16.40 3.26 0.996 
Satisfaction 9 25 23.44 3.22 -0.669 
Total 


0.958 


77 122 106.17 9.64 -0.953 


The results of the correlation between the subscales are presented in Table 2. Among the scales, Engagement 
has the highest correlation with Belief, while Advantage has the least statistically significant correlation with Usability. 


Table 2 
Pearson Correlation Analysis of the Subscales 


Satisfaction 


-.013 


602" 
045 


-.119 
1 


Subscales Advantage Belief Engagement Usability 
Advantage 1 -.064 -.047 .257* 
Belief 1 .691** .020 
Engagement 1 054 
Usability 1 
Satisfaction 
Note: *p < .05; ** p< .01 


Table 3 shows the arithmetic means and standard deviations for each statement. Four statements (3, 18, 20, 
and 21) were negatively worded and values for M and SD were presented without transforming the response. 


Table 3 
Descriptive Statistics for All Items 


Subscales Items M SD 
1. Chemistry classes are more interesting when Socrative is applied. 4.78 0.50 
2. Answering questions using Socrative platform is faster compared to tests in paper form. 4.79 0.47 
2 3. Checking chemistry knowledge is less objective when applying Socrative 3.47 1.32 
S 4. Reviewing of the material in chemistry is more interesting with the application of Socrative. 4.75 0.57 
< 5. Answering questions using Socrative platform is easier compared to tests in paper form. 4.46 0.87 
6. Compared to the tests in paper form, using Socrative helps me find out faster whether | answered the 4.82 0.51 

question correctly. 
7. Socrative will be increasingly used in chemistry education. 4.39 0.81 
8. Socrative should be used in primary school. 4.57 0.83 
a) 9. Socrative should be used in secondary school. 4.57 0.77 
& 10. Socrative should be used in university. 4.22 0.95 
11. Socrative should be used in other courses as well. 4.68 0.73 
12. If my chemistry teacher used Socrative more often in classes, | would probably have higher grades. 3.90 1.24 
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Subscales Items M SD 

7 13. Time passes faster when Socrates is used in chemistry classes. 4.60 0.76 

2 14. Applying Socrative in chemistry classes increases my motivation to learn. 3.96 1.13 

= 15. Applying Socrative in chemistry classes increases my engagement in chemistry class. 4.30 1.00 

16. Applying Socrative on my cell phone increases my interest in learning chemistry. 3.94 1.27 

17. Socrative is easy to use. 4.86 0.42 

= 18. Socrative platform is difficult to access via cell phones. 1.64 1.22 

3 19. The percentage of correct answers can be seen in real time. 4.49 0.90 

= 20. It bothers me that | don’t have enough time to think while answering questions in Socrative. 2.35 1.41 

21. It bothers me that at the end of the test in Socrative, | can’t check my answers one more time. 3.06 1.44 

22. | have a positive opinion on Socrative platform. 4.75 0.46 

& 23. | like to apply Socrative in reviewing chemistry content. 4.77 0.60 

& 24. | would like to apply Socrative in chemistry classes in the future. 4.74 0.73 

& 25. | would like to apply Socrative in chemistry classes more often. 4.65 0.79 

26. | wish we had used Socrative before. 4.53 0.95 


Differences in the Opinion of Students of Different Gender about the Application of the Socrative Platform in 
Chemistry Education 


In order to test the differences in the opinions of male and female students on the application of Socrative in 
chemistry teaching, a t-test for independent samples was applied. The obtained results showed that the differences 
were not statistically significant (Table 4). 


Table 4 
T-Test Results for Independent Samples 


Subscales Gender M SD t df p 

M 22.91 1.63 

Advantage 1.318 75 190 
F 23.47 2.02 
M 26.54 3.71 

Belief 0.443 75 659 
F 26.12 4.45 
M 16.54 3.22 

Engagement -0.624 75 534 
F 17.02 3.55 
M 16.13 3.69 

Usability -0.690 75 493 
F 16.65 2.83 
M 23.70 2.42 

Satisfaction 0.682 tts) 498 
F 23.20 3.83 


Differences in the Opinion of Students of Different Levels of Education 
on the Application of the Socrative Platform in Chemistry Education 


Using the t-test for independent samples, differences in the opinions of students of different ages were tested 
and the obtained results showed that there are statistically significant differences in students’ opinions (Table 5). 
The differences proved to be significant on the Belief, Satisfaction and Engagement dimensions, while the differ- 
ences on the Advantage and Usability dimensions were not statistically significant. 
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Subscales School M SD t df p 

1 23.00 1.78 

Advantage 1.469 75 146 
2 23.67 1.97 
1 27.30 3.42 

Belief 3.312 75 .001* 
2 24.17 4.67 
1 17.37 3.14 

Engagement 2.315 75 .023* 
2 15.50 3.62 
1 16.07 3.19 

Usability -1.314 75 193 
2 17.12 3.37 
1 24.17 1.85 

Satisfaction 3.111 15 .003* 
2 21.83 4.76 


Note: school: 1- primary school; 2- secondary school 


Differences in the Opinion of Students with Different Grades in 
Chemistry on the Application of the Socrative platform 


To check the existence of differences in the opinion of students who have different grades in chemistry, students 
were divided into three groups. Group 1 consisted of students who had grades 2 and 3 in chemistry (9 students); 
group 2 consisted of students who had a grade 4 in chemistry (14 students) and group 3 consisted of students who 
had a grade 5 (53 students). Using one-factor analysis of variance, the differences between students’ responses were 
examined. The obtained results are given in Table 6 and show that the differences are not statistically significant. 


Table 6 


Results of One-Factor Analysis of Variance 


Subscales 
Advantage 
Belief 
Engagement 
Usability 


Satisfaction 


Discussion 


The application of new technologies in chemistry teaching is an area of research in which there is a steady 
increase in number of published papers (Evans & Moore, 2011). The application of the Socrative and generally SRS 
in teaching has increased over the past decade (Balta & Tzafilkou, 2019), which requires feedback from students 


on the extent to which they like its application. 
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In this research, the opinions of students on the application of Socrative in the teaching of chemistry in primary 
and secondary school were examined. The results showed that the students included in the research expressed a 
highly positive opinion on the application of Socrative (77% of students completely agreed and 22% mostly agreed 
with the statement that they liked using Socrative in chemistry classes). Findings from other studies have shown pre- 
dominantly positive feedback in the teaching of biology (Liu & Taylor, 2013), sports management (Dervan, 2014), and 
pharmacy (Munusamy et al., 2019). Moderate attitudes were observed in teaching physics (Balta & Tzafilkou, 2019). 

The surveyed students pointed out that the largest advantage of using Socrative platform during classes of 
reviewing educational content, in contrast to the traditional way of reviewing, was that they immediately received 
information on accuracy of their answers. Numerous studies have shown that direct timely feedback has significant 
positive results and helps improve student achievement (Juwah et al., 2004; Roman et al., 2021). It also keeps them 
engaged and promotes learning (Munusamy et al., 2019). When using Socrative platform, students receive instant 
feedback on their achievement in real time (McKenzie & Ziemann, 2020; Molloy & Boud, 2014). 

Also, this research confirmed that reviewing is faster, more interesting and easier than using tests in paper 
form. The findings are in line with a recent study which confirmed that the advantage of this application is the 
ability to evaluate the knowledge acquired during the class in a very simple way (Santos et al., 2019). 

Students agreed to a lesser extent with the statement which indicated that the knowledge test is more ob- 
jective when applying Socrative. This result may be a consequence of a negatively formulated statement, so the 
students did not understand it well. The use of the SRS (Beatty et al., 2006) and Socrative in particular (Roman et 
al., 2021) has been shown to provide effective formative assessment. 

The use of ICT in teaching, and the same applies to mobile learning which is becoming more and more pres- 
ent, is increasingly used in teaching. Numerous studies have shown that the use of computers and other electronic 
devices increases teaching and learning skills (Luu & Freeman, 2011). According to the surveyed students, Socrative 
should be increasingly used not only in the teaching of chemistry but also in the teaching of other subjects. Also, 
students believed that it should be applied in teaching at all educational levels - in primary and secondary schools 
and at the university. These perceptions are supported by the literature: Socrative has proven to be an effective 
software in teaching different subjects and different levels of education (Balta & Tzafilkou, 2019; Guarascio et al., 
2017; Radulovic, 2021; Roman et al, 2021; Santos et al., 2019). 

Previous similar research has shown that the application of Socrative increases student engagement in class 
as well as improves students’ understanding of the material (Dervan, 2014; Munusamy et al., 2019; Roman et al., 
2021). This research confirms that the application of Socrative increases the engagement of students in review 
classes in chemistry. The students also stated that chemistry classes were more interesting when Socrative was 
applied and that their motivation to learn increased. This finding has also been confirmed in previous research 
(Awedh et al., 2014; Roman et al., 2021). According to the students, the interest in learning chemistry has increased 
because Socrative is applied on the cell phone. Santos et al. concluded similarly in the research related to the ap- 
plication of Socrative via cell phones during the experimental work in chemistry laboratory (Santos et al., 2019). 
In this research, it was shown that Socrative is suitable for the implementation of active learning strategies and 
for evaluation in chemical lab exercises. It also optimizes collaborative learning and student engagement in the 
laboratory and consequently improves academic achievement. 

A review of the available literature mostly states a number of positive effects while the negative sides are rarely 
mentioned. Some of the downsides cited are, for example, that teachers may focus more on technology than on 
teaching, the possibility of technical problems with software, problems with Internet access, or a lack of teacher 
experience. The results obtained in this study confirm that students find Socrative easily and reliably accessible 
via cell phones, which was stated in many previous studies (Balta & Tzafilkou, 2019; Dervan, 2014). However, some 
students also pointed out some negative aspects of the Socrative platform in reviewing chemical content. Namely, 
the students stated that they did not have enough time to think while answering the questions and that at the 
end of the test they could not check their answers once again. Such concerns are usually expressed by students 
who do not have a developed competitive spirit and do not enjoy this form of learning. Also, anxiety can occur 
when the grades obtained by applying the SRS are part of their overall grade (Dervan, 2014). Solving tasks often 
requires paper and pencil, which students cited as a downside of Socrative in physics teaching (Balta & Tzafilkou, 
2019; Kaya & Balta, 2016). 

Based on the results of this research, students have a positive opinion of Socrative and enjoy using it. They 
were also sorry for not applying the Socrative platform earlier and expressed the wish to apply Socrative not only 
in reviewing the content, but in other forms of work/classes. It is in accordance with previous studies in which 
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students expressed satisfaction with using Socrative (Dervan, 2014; McKenzie & Ziemann, 2020; Munusamy et 
al., 2019). Similar to the findings of other authors (Balta & Tzafilkou, 2019; Kaya & Balta, 2016), it was established 
in this research that there were no statistically significant differences between students with different grades in 
chemistry, and also between opinions of male and female participants, so gender differences shouldn't be taken 
into account when applying Socrative. 

However, statistically significant differences were recorded between primary and secondary school students 
on three subscales (belief, engagement, and satisfaction). Primary school students achieved higher scores on all 
three subscales. More specifically, primary school students have deeper beliefs that Socrative should be used at all 
levels of education (basic, secondary and tertiary). This difference is especially noticeable in the opinion that they 
would have a higher grade if they had used Socrative more often. It is in line with previous findings which agreed 
that Socrative platform improves learning (Rae & O'Malley, 2017) leading to higher academic achievement. There 
has been empirical evidence that after a period of adaptation to the application of Socrative in teaching, there is 
an increase in test results in students (Garcia-Fayos et al., 2021). 

It is an indisputable fact that the application of Socrative increases the engagement of all students in classes. 
However, it has been shown that primary school students are motivated and interested in learning chemistry to a 
greater extent. Primary school students have also shown higher satisfaction in using Socrative in chemistry edu- 
cation and greater desire to apply it more in the future. It was shown that there is a significant relation between 
classroom environment and students’ motivation in learning (Lee et al., 2009). Due to their younger age, primary 
students enjoy playing games more, and the application of Socrative makes learning chemistry fun for them, 
giving them the feeling of self-efficacy and more control over the learning process. Reduced interest and motiva- 
tion and lowered self-perceptions in secondary students has been recorded before (Yeung et al., 2011). It can be 
explained by the secondary students’ perceptions of their own weaknesses which grow as they mature, as well as 
their lack of perception of relevance of academic work to their future (Wigfield & Eccles, 2000). 


Conclusions and Implications 


After application of online Socrative software during review of teaching content in primary and secondary 
school, students’ opinions on its usage in chemistry classes were examined. It was found that reviewing with Socra- 
tive was quick, easy, and effective. Students believed that the biggest advantage was getting real-time feedback. 
Also, the use of Socrative on cell phones in class increases students’engagement and motivation to learn chemistry. 
Students enjoyed using Socrative and they would like to apply it more in the future, not only in chemistry classes, 
but also in other courses. Based on these findings, using Socrative can be recommended as a promising tool with 
excellent properties. 

The results of this research implicate that learning chemistry with responder systems can positively affect 
students’ interest for learning chemical content. However, regular use of Socrative in chemistry education requires 
the training of teachers, especially older teachers who are not familiar with mobile learning, for using it in the class- 
room, and the significant change in their approach to using methods of active learning in their teaching practice. 

Despite the original scientific contribution of this research, the obtained results cannot be generalized due to 
certain limitations regarding the sample size and the duration of application of Socrative in teaching. For example, 
increasing the sample of students and teachers in future research, including students from different grades and 
educational levels, as well as longer application of Socrative in teaching different chemistry disciplines would give 
a more complete picture of the effectiveness of Socrative in chemistry teaching and of student feedback. 
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Introduction 


The role of the affective component in science learning is a field of ac- 
tive research worldwide. More specifically, the importance of motivation to 
learn science has been widely recognized by the academic community and 
various theoretical perspectives have been developed to guide educational 
research (Koballa & Glynn, 2007). Social cognitive theory conceptualizes 
motivation to learn as a multidimensional construct which emerges from 
the interaction between personal, behavioral, and social/environmental 
factors (Bandura, 2001). More specifically, motivation components such as 
self-efficacy, self-determination, intrinsic motivation, career motivation and 
grade motivation, linked to science learning, have been extensively studied 
and reviewed (Bryan et al., 2011; Glynn et al., 2011; Koballa & Glynn, 2007; 
Pintrich, 2003; Salta & Koulougliotis, 2015; 2020). 

According to the social cognitive perspective, students form their 
motivational structure by construing information from their school environ- 
ment (among other sources) and there is evidence for the effect of several 
school features in students’ motivation to learn science (Ardura et al., 2021). 
Among school features, students’ sense of previous performance in science 
tasks and activities (mastery experience) significantly predicts their science 
self-efficacy (e.g., Britner & Pajares, 2006); students’ sense of their science 
teacher, the school’s specific goals, purposes and values also seem to play 
a significant role in students’ motivation to learn science (e.g., Vedder-Weiss 
& Fortus, 2013). However, there is a need for understanding how students’ 
motivational structures are shaped within different contextual and cultural 
practices (Ardura et al., 2021; Pintrich, 2003; Salta & Koulougliotis, 2020). 

The domain specificity of motivational components across specific 
science disciplines (chemistry and physics) has been a topic of interest 
in recent years (e.g., Salta & Koulougliotis, 2020; Simpkins et al., 2015). 
Research in science education has provided evidence that self-efficacy 
(Dou et al., 2016; Ferrell et al. 2016; 2020; Nissen & Shemwell, 2016; Salta 
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Abstract. The pivotal role of 
motivation in fostering science learning 
has long been recognized and it isa 
field of active research worldwide. 

This research aimed at examining the 
effect of three different factors (used as 
independent variables) on shaping the 
motivation of undergraduate students 
for chemistry and physics learning 

via multiple regression analysis. 
Motivation (dependent variable) was 
measured via the use of the chemistry 
and physics-specific versions of Science 
Motivation Questionnaire II (SMQ Il). 
The participants were 281 full-time 
undergraduate students in three 
different academic departments of a 
Greek tertiary education institution. 
Students’ gender was shown to 

exert an effect of small size on their 
motivation for chemistry and physics 
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with regard to the students’ academic 
major. Students’ academic experience 
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& Koulougliotis, 2020; Stoeckel, & Roehrig, 2021), intrinsic motivation, (Liu et al., 2017; Salta & Koulougliotis, 
2020), self-determination (Salta & Koulougliotis, 2020), and extrinsic motivation, as well as grade motivation and 
career motivation, (Ardura & Pérez-Bitrian, 2018; Salta & Koulougliotis, 2020) are domain-specific motivational 
components. 

Previous research has revealed the effect of various factors, such as gender, academic major, school features, 
parental supports, on students’ motivation to learn various STEM disciplines (e.g., Cwik & Singh, 2021; Glynn et al., 
2011, Nissen & Shemwell, 2016; Salta & Koulougliotis, 2015; 2020; Vedder-Weiss & Fortus, 2013). With respect to 
the academic major, previous research has provided evidence for differential motivation characteristics among 
science and non-science majors (Glynn et al., 2011). The study of the effect of gender on students’ motivation 
has provided mixed results. Although, a gender gap favoring men in self-efficacy has been observed in physics 
courses (Cwik & Singh, 2021), a weak gender effect favoring women on intrinsic motivation for chemistry learn- 
ing has been reported (Salta & Koulougliotis, 2020). Moreover, females are shown to exceed males regarding 
self-determination (Glynn et al., 2011; Salta & Koulougliotis, 2015; Schumm & Bogner, 2016). 

The social cognitive perspective also proposes that students form their motivational perceptions by inter- 
preting experience from their school environment, which includes the effect of the teacher, the school’s specific 
goals, purposes and values, students’ performance in tasks and activities and their perceptions of them (e.g., 
Britner & Pajares, 2006; Vedder-Weiss & Fortus, 2013). Students’ mastery experiences are considered as the main 
source for the development of self-efficacy beliefs (Britner & Pajares, 2006; Capa-Aydin et al., 2018; Stoeckel & 
Roehrig, 2021). Students’ self- efficacy is improved in cases that students consider their previous experiences 
as successful and is reduced when they perceive their experiences as unsuccessful (Capa-Aydin et al., 2018). In 
chemistry education, it seems that the timing of students’ experiences may also affect self-efficacy outcomes 
(Zhou et al., 2020). Research has also revealed that students’ intrinsic motivation is positively related to their 
academic experience (Liu et al., 2017), and that gender motivational differences can be attributed to the learn- 
ing experiences (Nissen & Shemwell, 2016). In this respect, there is a need for a deeper understanding of the 
effect of students’ characteristics on their motivation to learn various science-related subjects (Ardura et al., 
2021; Pintrich, 2003). 

Taking into account previous research findings from the authors (Salta & Koulougliotis, 2020), the present 
research is a comprehensive examination of potential relations between students’ motivation and their gender, 
academic major, and sense about their academic experience. 

In previous research conducted by the authors, the focus was primarily on the adaptation and validation of 
proper instruments for measuring students’ motivation to learn chemistry and physics, through a social cogni- 
tive perspective (Salta & Koulougliotis 2015, 2020). In the current research, the aim is to examine the effect of 
various factors on students’ motivational beliefs and to explore the relations between motivational components 
and the factors that affect them. For this purpose, a study was designed and conducted, in order to address the 
following research question: 

Do Greek undergraduate students’ experiences from chemistry and physics courses, gender, and academic 
major reliably affect their motivation to learn chemistry and physics? 


Research Methodology 
General Background 


The present research adopts a cross-sectional research design in which one observes “what naturally goes onin 
the world without directly interfering with it by measuring several variables at a single time point" (Field, 2013). A cross- 
sectional research design involves the collection of quantitative or quantifiable data on several variables, which are 
examined in order to reveal patterns of association. Thus, the cross-sectional design has been placed mainly in the 
context of the quantitative research strategy. When a cross-sectional design uses questionnaires to collect data, it 
is referred to as a survey design (Bryman, 2012). Moreover, as the research scope is to explore relations between 
variables using the correlation statistic, the undertaken research is also referred to as correlational. Finally, taking 
into account that the basic objective of the present correlational research is to explain the association between 
variables, it is more specifically referred to as explanatory research (Creswell, 2012). 
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The present research examines the extent to which 5 domain specific motivational components may be as- 
sociated with undergraduate students’ gender, academic major, and their perception of academic experiences. 
Quantitative data were collected and analyzed from undergraduate students who responded to the Chemistry 
Motivation Questionnaire II (CMQ II), the Physics Motivation Questionnaire II (PMQ II) (Salta & Koulougliotis, 2020), 
the Experience of Chemistry Courses Inventory (ECCI), and the Experience of Physics Courses Inventory (EPCI). The 
questionnaires were completed anonymously during a period of two-weeks in April 2015. 


Sample 


The research sample consists of 281 full-time undergraduate students (105 males and 176 females) that have 
been enrolled in a small-sized regional Technological Education Institute (TEI), located in Western Greece. The pro- 
gram of the study leads to the award of a bachelor’s degree after four years of full time attendance. The students of 
the sample were drawn from three different academic departments which offer Bachelors’ degrees in the following 
academic majors: Environmental Technology (ET), (N = 95), Conservation of Cultural Heritage (CCH), (N = 93), and 
Food Technology (FT), (N = 93). These specific academic majors were chosen because their curricula are mainly 
science oriented. The sample size is quite larger than 30 participants suggested for a correlational research study 
and close to 350 individuals that are suggested for a survey study (Creswell, 2012). 

The sample was selected based on the easy accessibility to the students and taking into account the fact that 
they hold characteristics (such as gender representation, different academic majors) that were sought to study 
(convenience sampling) (Creswell, 2012). The students were informed about the scope of the study and consented 
to participate. Their participation was voluntary and did not involve any kind of compensation. The ethics commit- 
tee of the institution provided approval for the study. 

It should be noted that during secondary education, both the science curriculum and the corresponding 
educational materials are identical for all students, as authorized by the Ministry of Education. The academic experi- 
ence acquired in tertiary education (TEl) refers to the recent past of a few months (for first year undergraduates) 
and up to three years (for fourth year undergraduates). 


Instrument and Procedures 


Motivational variables: Students’ motivation to learn physics and chemistry was measured by CMQ II, and 
the PMQ II (Salta & Koulougliotis, 2020), that constitute the Greek versions (Salta & Koulougliotis, 2015; 2020) of 
the discipline-specific original instrument known as SMQ II (Glynn et al., 2011). Each instrument uses a“5-point 
Likert scale” ranging from 0 (never) to 4 (always) to measure the following five distinct motivational components: 
self-efficacy (SE), self-determination (SD), intrinsic motivation (IM), career motivation (CM) and grade motiva- 
tion (GM). The Greek CMQ II and PMQ II have strong psychometric properties and in addition strong evidence 
has been provided with regard to their validity (Salta & Koulougliotis, 2020). The reliabilities (Cronbach's a) of 
all motivation scales of CMQ Il and PMQ II, have values larger than 0.84, indicating a good overall reliability ac- 
cording to DeVellis (2003). 

Academic experience variables: Students’ academic experiences from physics and chemistry courses were 
determined by the students’ reports to the following 4 items: i) the textbooks, ii) the teacher, iii) the laboratory 
and iv) the course in total. A Likert-type scale ranging from 1 (very negative) to 4 (very positive) was employed. 
Thus, the questionnaire for each discipline course (physics or chemistry) contained a total of 8 questions (4 refer- 
ring to high school and 4 referring to TEI experience). Therefore, a total of 16 experience items were made up. 

Construct validity of the experience inventories (ECCI and EPCI) was tested using principal components 
exploratory factor analysis that was independently conducted on each set of 8 items (one for the ECCI, Table 
1, and one for the EPCI, Table 2) with varimax rotation, in order to examine the number of factors-constructs 
existing among the items-variables related to each discipline course (Anastasi & Urbina, 1997; Field, 2013). For 
both inventories, the Bartlett's test of sphericity has values with a significance level of p <.001 thus indicating the 
appropriateness of the factor models. The Kaiser-Meyer-Olkin (KMO) measure verified the sampling adequacy 
for the analysis with KMO taking values of .79 and .81 for the ECCI and EPCI, respectively. In addition, the KMO 
values of all individual items are larger than .73, which is quite higher than the acceptable limit of .50 (Field, 2013). 
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Table 1 


Results from an Exploratory Factor Analysis of the Experience of Chemistry Courses Inventory (ECCI) 


Factor loading 


ECCI item 
Factor 1 Factor 2 

Factor 1. Experience from high school chemistry courses 
How would you characterize your experience ... 
... from high school chemistry courses overall? 856 178 
... from the teachers who taught you chemistry at high school? 805 041 
... with high school chemistry textbooks? 799 175 
... from the high school chemistry labs? .780 099 
Factor 2. Experience from TEI chemistry courses 
How would you characterize your experience ... 
... from the teachers who taught you chemistry at TEI? 017 834 
... from TEI chemistry courses overall? 237 827 
... from the TEI chemistry labs? 103 775 
... with TEI chemistry textbooks? 135 729 
Eigenvalues (Variance) 3.443 (43.039) 1.855 (23.186) 
Cronbach's a 836 813 


Note. Factor loadings over .40 appear in bold 


Each analysis resulted in two factors with eigenvalues larger than Kaiser's criterion of 1 (Field, 2013) for each 
discipline course. These two factors, in combination, explained 66.23% and 68.19% of the variance for the ECCI 
and the EPCI, respectively. An examination of the two scree-plots confirmed the two-factor solution. The rotated 
factor loadings for the items of both inventories are presented in Tables 1 and 2. The clustering of the items sug- 
gests that factor 1 represents experience from high school courses while factor 2 represents experience from TEI 
courses. The experiences from TEI physics, high school physics, TEI chemistry and high school chemistry courses 
all had high reliabilities with Cronbach's a having values larger than 0.81, indicating a good overall reliability ac- 
cording to DeVellis (2003). 


Table 2 
Results from an Exploratory Factor Analysis of the Experience of Physics Courses Inventory (EPCI) 


Factor loading 


EPCl item 
Factor 1 Factor 2 

Factor 1. Experience from high school physics courses 

How would you characterize your experience ... 

... from the TEI physics labs? 826 116 
... from TEI physics courses overall? 819 178 
... from the teachers who taught you physics at TEI? 792 .190 
... with TEI physics textbooks? 791 211 
Factor 2. Experience from TEI physics courses 

How would you characterize your experience ... 

... high school physics courses overall? .206 835 
... from the teachers who taught you physics at high school? 053 834 
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Factor loading 


EPCl item 
Factor 1 Factor 2 
... with high school physics textbooks? .256 .780 
... from the high school physics labs? 201 .756 
Eigenvalues (Variance) 3.854 (48.179) 1.601 (20.006) 
Cronbach's a 845 838 


Note: Factor loadings over .40 appear in bold 


Data Analysis 


A multiple stepwise regression analysis was conducted to examine the relations between a set of predictors 
(gender, academic major, and academic experiences) and a criterion (outcome) variable (motivational component) 
(Tabachnick & Fidell, 2013). Each outcome variable Y, is predicted by a linear combination of two or more predic- 
tor variables (X,,, X,, ..., X,,) according to the model: Y=(b, + b,X,,+ b,X,,+... +b X_)+e, Beta (b) is the regression 
coefficient of each predictor associated with it, and b, is equal with the value of each outcome when all predictors 
have zero values (Field, 2013). The selected predictors were based on the literature review that demonstrates their 
importance and which was presented in the Introduction section. The stepwise method of multiple regression can 
only be used for prediction, not explanation (Tabachnick & Fidell, 2013). The predictor variables are entered into 
the model one by one in an order based on a purely mathematical criterion (e.g., the highest simple correlation 
with the outcome) (Field, 2013). 

The research question was addressed by a linear multiple stepwise regression that was conducted to predict 
students’ motivation to learn chemistry and physics as measured by CMQ II and PMQ Il, respectively based on 
three factors: gender, academic major, academic experience of related courses in either high school or TEI. The 
predictors gender and academic major are categorical variables with two and three levels respectively, and they 
were transformed into dichotomous variables via the process of ‘dummy coding. This process creates new binary 
variables which can distinguish between the presence or absence of each level of these variables (Tabachnick & 
Fidell, 2013). For example, academic major as a categorical variable, has been coded on three different levels: 1 = 
ET, 2 = CCH, and 3 = FT. To use this categorical variable into the multiple regression, it was recoded into two new 
dichotomous variables which are called dummy variables (ET = 1 vs. the other two majors = 0, and CCH = 1 vs. the 
other two majors = 0). Students of the FT major is encoded by a“0” in both dichotomous variables thus removing 
the necessity for a third new variable. The gender variable was similarly recoded as “female”. 

Initial examination of descriptive statistics regarding both the independent and dependent variables provided 
a useful summary. Subsequently, a correlation analysis was conducted resulting to a correlation matrix involving 
all pairwise Pearson coefficients, the corresponding significance values, and the number of cases contributing to 
each correlation. The correlation matrix provides an idea of the relations between predictors and the outcome 
variables. Stepwise multiple regression was employed. Data were analyzed using SPSS Statistics 26.0. 


Research Results 


A stepwise multiple regression analysis was independently conducted on each of the 10 motivational com- 
ponents (five for the chemistry and five for the physics) as dependent variables and gender (“female”), academic 
major (ET, CCH) and students’ experiences from high school (HS) and TEI chemistry (ChemHS, ChemTEl) and physics 
(PhysHS, PhysTEl) courses as independent variables. 

A crucial consideration for models with more than one predictor is multicollinearity between predictors that 
makes difficult to assess the individual importance of each predictor. Tables 3 and 4 present the correlation coef- 
ficients Pearson's r between the scores of the predictors (independent variables) and the outcomes (dependent 
variables). These correlation matrices provide a rough idea about the relations between the outcome and predictor 
variables. As seen in Tables 3 and 4, from all predictors, students’ experiences from TEI chemistry and physics courses 
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(Experience-Chem TEI and Experience-PhysTEl) show the highest correlations (.320 < r < .615 and .284 <r < .476, 
respectively) with the outcome variables (motivational components), and thus it is likely that these variables are 
the best predictors of students’ motivational components. 


Table 3 
Pearson's Correlation Coefficients (r) between Every Pair of Variables in Chemistry Related Motivational Components 


Nee Independent Variables 
Female ET CCH Experiences-ChemHS Experiences-ChemTE! 
r .082 .138* -.342** 379" .615** 
N 275 275 275 275 275 
r 124* -.066 -.124* 148** .320** 
2 N 274 274 274 274 274 
r .026 161** -.392** 486** .604** 
a N 274 274 274 274 274 
r .084 -.123* -.194** .304** A13** 
N 274 274 274 274 274 
ai r 018 .118* -.342** 408** 490** 
N 274 274 274 274 274 


*p <.05.**p<.01. 


Table 4 
Pearson's Correlation Coefficients (r) between Every Pair of Variables in Physics Related Motivational Components 


Dependent Variables Independent Variables 
Female ET CCH Experience-PhysHS Experience-PhysTE| 
-.122* .284** -.338** .366** 438** 
_ N 276 276 276 276 276 
r 041 051 -.218"* 140** .290** 
N 276 276 276 276 276 
r -.148** .183** -.403** 373** A76** 
a N 276 276 276 276 276 
r -.088 97 -.159** .184** .284** 
si N 276 276 276 276 276 
és -.091 216 -.361** .296** 423** 
N 276 276 276 276 276 


*p<.05.**p<.01. 


Using the stepwise method of multiple regression, significant models emerge (Tables 5 and 6). Tables 5 and 
6 contain information about the fit of different regression models in predicting students’ motivation to learn 
chemistry and physics, respectively. Each set of summary statistics is reported for each motivational component: 
IM, SD, SE, CM, and GM. 

The assumption of independent errors is tested by the Durbin-Watson test statistic, which tests for serial cor- 
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relations between errors (Field, 2013). All values of Durbin-Watson statistic range between 1.658 and 2.000 (Tables 
5 and 6); therefore, there is no cause for concern arising from values less than 1 or greater than 3 (Field, 2013). 


Table 5 
Regression Models Summary and ANOVA for Chemistry- Related Motivational Components 


Dependent Model Summary | ANOVA wacsinaueene 
Model R R’ Adjusted R? F df p 

IM 1 615 379 376 166.375 1, 273) < 001 

2 648 420 A16 98.540 2, 272) < .001 

3 657 431 425 68.476 3, 271) < .001 

4 .663 439 431 52.911 4, 270) < .001 1.874 
SD 1 320 102 .099 31.029 1, 272) < .001 

2 346 119 113 18.378 2, 271) < .001 1.736 
SE 1 604 365 363 156.596 1, 272) < .001 

2 678 459 455 114.990 (2, 271) < .001 

3 698 487 482 85.549 (3, 270) < .001 1.741 
CM 1 A13 71 168 55.954 (1, 272) < .001 

2 459 210 204 36.084 (2, 271) < .001 

3 498 248 .240 29.677 (3, 270) < .001 

4 522 272 261 25.150 (4, 269) < .001 1.901 
GM 1 490 240 237 85.941 (1, 272) < .001 

2 556 309 304 60.585 (2, 271) < .001 

3 579 335 328 45.425 (3, 270) < .001 1.734 


Dependent Variable: IM 

Model 1. Predictors: (Constant), Experience-ChemTEI 

Model 2. Predictors: (Constant), Experience-Chem TEI, Experience-ChemHS 
Model 3. Predictors: (Constant), Experience-ChemTEI, Experience-ChemHS, CCH 
Model 4. Predictors: (Constant), Experience-ChemTEI, Experience-ChemHS, CCH, Female 
Dependent Variable: SD 

Model 1. Predictors: (Constant), Experience-ChemTEI 

Model 2. Predictors: (Constant), Experience-ChemTEI, Female 

Dependent Variable:-SE 

Model 1. Predictors: (Constant), Experience-ChemTE| 

Model 2. Predictors: (Constant), Experiences-ChemTEI, Experiences-ChemHS 
Model 3. Predictors: (Constant), Experience-ChemTEI, Experience-ChemHS, CCH 
Dependent Variable: CM 

Model 1. Predictors: (Constant), Experience-ChemTE| 

Model 2. Predictors: (Constant), Experience-ChemTEI, ET 

Model 3. Predictors: (Constant), Experience-ChemTEI, ET, Experience-ChemHS 
Model 4. Predictors: (Constant), Experience-ChemTEI, ET, Experience-ChemHS, CCH 
Dependent Variable: GM 

Model 1. Predictors: (Constant), Experience-ChemTE| 

Model 2. Predictors: (Constant), Experience-ChemTEI, Experience-ChemHS 
Model 3. Predictors: (Constant), Experience-ChemTEI, Experience-ChemHS, CCH 


R’ is used to test the overall significance of a model as its value indicates the variance in the outcome which is 
accounted for by the model. Regarding to Chemistry-IM, the R? value for the first model is .376, which means that 
the students experience from chemistry courses in TEI (Experience-ChemTEl) accounts for 37.6% of the variation 
in the students’ intrinsic motivation to learn chemistry. Moreover, when the other three predictors are sequentially 
included (models 2, 3 and 4) this value increases to 42.0%, 43.1%, and 43.9%, respectively. The inclusion of the three 
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additional predictors explains a larger portion of the variation relative to model 1, but only the students’ experi- 
ence from chemistry courses in high school (Experience-ChemHS) contributes an amount which is large enough to 
support the necessity for model 2. The F-statistic and its associated significance value (166.375, p < .001 for model 
1 and 98.540, p < .001 for model 2) indicates that both models overall predict the outcome variable significantly. 
For models 3 and 4, the values of F are still highly significant but quite lower. It is thus deduced that the additional 
predictors (CCH and Female) in models 3 and 4 do not provide major improvement in the fit. Based on the above 
overall reasoning Model 2 better fits the data. 

The results regarding the components Chemistry-SE and Chemistry-GM show a similar trend with those for 
Chemistry-IM. Therefore, the choice of two predictors (i.e., model 2) is the one best justified. For the components, 
Chemistry-SD and the Chemistry-CM, the examination of R? values and the F-statistic (Table 5) leads to the decision 
that Model 1 and Model 3 better fit the data, respectively. 

For the motivational components to learn physics, the examination of the R* values and F-statistic (Table 
6), provides evidence that Model 1 for Physics-SD and Physics-CM, and Model 3 for Physics-IM, Physics-SE, and 
Physics-GM better fit the data. 


Table 6 
Regression Models Summary and ANOVA for Physics- Related Motivational Components 


Dependent Model Summary , ANOVA aeaaaaah 
Model R R’ Adjusted R? F df p 
IM 1 438 .192 .189 65.128 1, 274) < 001 
2 483 .233 228 41.567 2, 273) < .001 
3 513 263 .255 32.412 3, 272) < .001 1.980 
SD 1 .290 084 081 25.214 1, 274) < .001 1.658 
1 476 226 223 80.088 1, 274) < .001 
SE 2 522 272 267 51.099 2, 273) < .001 
3 555 309 301 40.456 (3, 272) < .001 1.973 
CM 1 284 081 077 24.032 (1, 274) < 001 
2 314 099 .092 14.953 (2, 273) < .001 1.962 
1 423 79 176 59.626 (1, 274) <.001 
GM 2 465 217 211 37.720 (2, 273) < .001 
3 483 233 225 27.605 (3, 272) < .001 2.000 


Dependent Variable: IM 
Model 1. Predictors: (Constant), Experience-PhysTEl 


Model 2. Predictors: (Constant), Experience-PhysTEI, Experience-PhysHS 

Model 3. Predictors: (Constant), Experience-PhysTE|l, Experience-PhysHS, ET 
Dependent Variable: SD 

Model 1. Predictors: (Constant), Experience-PhysTE| 

Dependent Variable: SE 

Model 1. Predictors: (Constant), Experience-PhysTEl 

Model 2. Predictors: (Constant), Experience-PhysTEI, CCH 

Model 3. Predictors: (Constant), Experience-PhysTE|, CCH, Experience-PhysHS 
Dependent Variable: CM 

Model 1. Predictors: (Constant), Experience-PhysTE| 

Model 2. Predictors: (Constant), Experience-PhysTEl, ET 

Dependent Variable: GM 

Model 1. Predictors: (Constant), Experience-PhysTEl 

Model 2. Predictors: (Constant), Experience-PhysTEl, CCH 

Model 3. Predictors: (Constant), Experience-PhysTEl, CCH, Experience-PhysHS 
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The adjusted R? value provides rough evidence of how well the model generalizes. In all cases the adjusted R? 
values are very close to the values of R? with the differences “R’- adjusted R?” in the final models ranging between 


.003 to .008 (Tables 5 and 6). These small shrinkages indicate high predictive power of the derived models. 


Two indicators for identifying multicollinearity are the variance inflation factor (VIF) and its reciprocal (1/VIF) 
known as the tolerance statistic (Field, 2013). Values of VIF which are above 10 (or corresponding tolerance values 
which are below 0.1) indicate a serious problem. A potential problem is indicated if VIF is above 5, or when tolerance 
is below 0.2 (Tabachnick & Fidell, 2013). The VIF values and tolerance statistics for all models (Tables 7 and 8) do 
not fall close to these ranges and therefore, it can be safely concluded that there is no collinearity within the data. 


Table 7 


Regression Models Coefficients and Collinearity Statistics for Chemistry-Related Motivational Components 


praia Models Coefficients Collinearity statistics 
Model b b* SE t p Tolerance VIF 

(Constant) 2.407 0.964 -2.497 013 
m Experience-ChemTEl 0.896 0.079 0.551 11.391 < .001 0.910 1.099 
Experience-ChemHS 0.300 0.068 0.213 4.411 < .001 0.910 1.099 

_ (Constant) 4.452 1.056 4.216 < .001 
Experience-ChemTEl 0.497 0.089 0.320 5.570 < .001 1.000 1.000 

(Constant) -4.790 0.981 -4.883 < .001 
SE Experience-ChemTEl 0.861 0.082 0.499 10.557 < .001 0.894 1.119 
Experience-ChemHS 0.479 0.070 0.324 6.851 < .001 0.894 1.119 

(Constant) 1.292 1.172 1.102 271 
Experience-ChemTEl 0.670 0.098 0.384 6.809 < 001 0.875 1.143 
on ET -2.197 0.546 -0.216 -4.024 < .001 0.964 1.037 
Experience-ChemHS 0.308 0.084 0.206 3.678 < .001 0.889 1.124 

(Constant) -1.481 1.212 -1.222 223 
GM Experience-ChemTEl 0.753 0.101 0.400 7479 < .001 0.894 1.119 
Experience-ChemHS 0.449 0.086 0.278 5.197 < .001 0.894 1.119 


Note: b: Unstandardized coefficients, b*: Standardized coefficients, 


In multiple regression, estimates of the b values show the specific contribution of each predictor to the 
model, after assuming a constant effect for all other predictors. Based on the above-described analysis and the 
unstandardized coefficients b which are statistically significant (p < .05) (Tables 7 and 8), the following ten model 
equations (one for each motivational component) were extracted. 

Chemistry-IM = -2.407 + 0.896 (Experience-ChemTEl) + 0.300 (Experience-ChemHS) 

Chemistry-SD = 4.452 + 0.497 (Experience-ChemTE]) 


Chemistry-SE = -4.790 + 0.861 (Experience-ChemTEl) + 0.479 (Experiences-ChemHS) 


Chemistry-CM = 0.670 (Experience-ChemTEl) - 2,197 (ET) + 0.308 (Experience-ChemHS) 


Chemistry-GM = 0.753 (Experience-ChemTEl) + 0.449 (Experience-ChemHS) 


Physics-IM = 0.475 (Experience-PhysTEl) + 0.305 (Experience-PhysHS) + 1.723 (ET) 


Physics-SD = 4.928 + 0.428 (Experience-PhysTEl) 


Physics-SE =0.429 (Experience-PhysTEl) - 2.246 (CCH) + 0.297 (Experience-PhysHS) 


Physics-CM = 4.712 + 0.437 (Experience-PhysTEl) 


Physics-GM = 4.204 + 0.450 (Experience-PhysTEl) - 2.264 (CCH) + 0.226 (Experience-PhysHS) 


https://doi.org/10.33225/jbse/22.21.1191 
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Regression Models Coefficients and Collinearity Statistics for Physics-Related Motivational Components 


eae Models Coefficients Collinearity statistics 
Model b b* SE t p Tolerance VIF 

(Constant) 1.654 0.935 1.770 078 
Experience-PhysTE| 0.475 0.089 0.310 5.326 < .001 0.800 1.249 
” : Experience-PhysHS 0.305 0.083 0.210 3.668 < .001 0.825 1.212 
ET 1.723 0.518 0.178 3.323 .001 0.941 1.063 

(Constant) 4.928 0.913 5.396 < .001 
as Experience-PhysTE| 0.428 0.085 0.290 5.021 < 001 1.000 1.000 

(Constant) 1.965 1.054 1.865 .063 
Experience-PhysTE| 0.429 0.091 0.285 4.717 < 001 0.695 1.439 
= : CCH -2.246 0.536 -0.235 -4.189 < .001 0.805 1.243 
Experience-PhysHS 0.297 0.079 0.209 3.771 < 001 0.829 1.206 

(Constant) 4.712 0.954 4.937 < .001 

CM 1 

Experience-PhysTE| 0.437 0.089 0.284 4.902 < 001 1.000 1.000 

(Constant) 4.204 1.232 3.413 .001 
Experience-PhysTE| 0.450 0.106 0.269 4.229 < .001 0.695 1.439 
a : CCH -2.264 0.627 -0.214 -3.614 < .001 0.805 1.243 
Experience-PhysHS 0.226 0.092 0.143 2.449 015 0.829 1.206 


Note. b: Unstandardized coefficients, b*: Standardized coefficients 


Discussion 


The present research examines factors that affect the motivation for chemistry and physics learning 
among undergraduate students via multiple regression analysis. As noted in the Introduction section, there 
is a need for a deeper understanding of the effect of students’ related variables on their motivation to learn 
various specific science subjects (e.g., Ardura et al., 2021; Pintrich, 2003). The present research provides strong 
evidence that undergraduate students’ perceptions of their experiences from chemistry and physics courses 
affect their motivational beliefs related with chemistry and physics learning. 

With regard to motivation for chemistry learning, based on the sizes of the correlation coefficients r (Cohen, 
1992) reported in Tables 3 and 4, our research shows that students’ experience from chemistry courses in TEI 
has a large effect on their intrinsic motivation, self-efficacy and grade motivation and a medium effect on self- 
determination and career motivation. On the other hand, students’ experience from chemistry courses in high 
school has a large effect on their self-efficacy, a medium effect on their intrinsic motivation, career motivation, 
and grade motivation, and a small effect on their self-determination. 

With regard to motivation for physics learning, the corresponding values of r, show that students’ experience 
from physics courses in TEI has a large effect on their intrinsic motivation self-efficacy and grade motivation 
and a medium effect on self-determination and career motivation. With regard to students’ experience from 
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physics courses in high school, there is a medium effect on their intrinsic motivation, self-efficacy and grade 
motivation and a small effect on both self-determination and career motivation. 

Previous research has provided evidence that mastery experience is the most salient predictor of the 
development of self-efficacy (e.g., Britner & Pajares, 2006; Chen & Usher, 2013; Kiran & Sungur, 2012), and the 
timing of mastery experiences also affects self-efficacy beliefs (Zhou et al., 2020). The importance of mastery 
experience in shaping self-efficacy is consistent with the results of the current research: the values of the cor- 
relation coefficients Pearson's r regarding self-efficacy are overall the highest observed in comparison with 
those of the other four motivational components for both chemistry and physics learning and for both recent 
(from TEI courses) and less recent experiences (from high school courses). 

Examining the effect of gender, the sizes of the r values denote very few statistically significant effects. 
Thus, a small effect on self-determination towards chemistry learning was found (r= .124) and with regard to 
physics learning a small effect on intrinsic motivation (r= -.122) and self-efficacy (r= -.148) were noted. The 
positive sign means that female students have higher motivation relative to their male peers while the opposite 
applies for the negative sign. The trend which regards self-determination is in accordance with the one observed 
in past research which probed undergraduate students’ motivation to learn science (Glynn et al., 2009, 2011). 
Regarding intrinsic motivation, past research which aimed at measuring the motivation to learn science of 
either undergraduate (Glynn et al., 2009) or secondary school students (Bryan et al., 2011), has provided similar 
results. The small gender effect is consistent with the notion that this variable most probably does not have 
a direct connection with motivation to learn science and it rather acts indirectly via personal characteristics, 
such as the students’ cognitive style (Zeyer, 2018), which are not dependent on gender. 

Turning to the effect of the academic major, the results indicate that the CCH major correlates negatively 
with all motivational components for both disciplines, i.e., that these students depict lower motivation relative to 
the ones of the other two majors. Based on the values of the correlation coefficients r, the effect is medium with 
regard to intrinsic motivation, self-efficacy, and grade motivation, and small with regard to self-determination 
and career motivation for chemistry and physics learning, respectively. The ET major relates positively with 
a small effect for intrinsic motivation, self-efficacy, and grade motivation for chemistry and physics learning, 
respectively. With regard to career motivation the effect of the ET major is different for the two disciplines with 
a small negative effect for chemistry and a small positive effect for physics. The lower motivation of the CCH 
majors may be related to the dual nature of this subject of study, which is both artistic and scientific, a fact which 
does not apply in the other two majors (ET and FT) which do not possess the artistic facet. As mentioned in the 
Introduction, the differential motivation to learn science between science and non-science majors has been 
documented in previous research (Glynn et al., 2011). This research advances the field further in two ways: on 
one hand by examining the motivation to learn specific science subjects (chemistry, physics) and on the other 
by comparing three academic majors which are all science related. 

Ten models emerged via the stepwise method of multiple regression, one for each motivational component 
related to chemistry and physics learning. The absence of gender from all ten equations is consistent with the 
fact that the gender effect on motivation to learn chemistry and physics is small and has much less predictive 
power relative to the other factors examined in this research. 

The role of the academic major on motivation for chemistry and physics learning is brought out via the 
appearance of this independent variable in the regression equations describing the following three motivational 
components: Chemistry-CM and Physics-SE and GM. 

However, the independent variables with the highest predicting power are those related with students’ 
academic experiences from the attendance of chemistry and physics related courses either in TEI or in high 
school. More specifically, the student experience from TEI courses is the only independent variable which 
appears in all respective equations and the one contributing more to the variation explained by each model 
(Tables 5 and 6). In fact, three of the ten models (Dependent variables: Chemistry-SD, SD, and CM) contain ex- 
perience from TEI courses as the sole predicting variable. The second most prominent predicting variable is the 
experience from the attendance of the high school courses which appears in the models of seven motivational 
components (Chemistry-IM, SE, CM, and GM; Physics-IM, SE, and GM). As seen in Tables 7 and 8, the values of the 
coefficients b, in all of these seven models, are always considerably larger for the experience from TEI relative 
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to the one from high school (by factors ranging between 1.68 - 2.99 for chemistry and between 1.44 — 1.99 for 
physics). In addition, an examination of the values of the Pearson's r coefficients (Tables 3 and 4) shows that, 
for both chemistry and physics motivations, all values concerning experience from TEI are larger from those 
concerning experience from high school. It is thus deduced that the more recent experiences seem to exert a 
significantly more intense effect in shaping students’ motivation to learn chemistry and physics relative to the 
ones from the more distant past. 

Finally, reference should be made to some limitations of the present research. The fact that the results 
deduced are based exclusively on self-report data is considered the main limitation. In addition, the research 
relies ona cluster sampling method and the students originate from only one academic institution. Taking into 
account, that the student population of all three departments originates from all over the country and pos- 
sesses a mosaic of demographic characteristics as is the case in all Greek public tertiary education institutions, 
the possibility of erroneous inferences is probably small. 


Conclusions and Implications 


In this research, the possible effect of three factors in shaping Greek undergraduate students’ motivation 
to learn chemistry and physics has been explored. Five different motivational components were measured for 
both chemistry and physics; namely intrinsic motivation (IM), self-determination (SD), self-efficacy (SE), career 
motivation (CM) and grade motivation (GM). The factors examined were students’ gender, academic major, and 
experience from the attendance of physics and chemistry related courses. Two subfactors, one related with the 
experience from the courses in the tertiary education institution and one with the one from the courses in high 
school, constituted the factor referring to the experience. Statistical analysis via stepwise multiple regression 
provided strong evidence for the following: 

Male and female undergraduate students showed overall similar motivations for chemistry and physics 
learning. Out of the ten measured motivational components, statistically significant differences of small size 
were identified for only three components: Chemistry-SD with females exceeding males and Physics -IM and 
SE with the opposite trend. 

Undergraduate students of different science-related academic majors exhibit different motivations for 
chemistry and physics learning with an effect which has mostly a small size. 

Students’ experience from the attendance of physics and chemistry related courses both in tertiary as 
well as in secondary education seems to be the most influential factor (in comparison with the other two) 
with regard to their motivation to learn physics and chemistry. In addition, strong evidence was provided for 
the significantly larger effect of the more recent experiences relative to the ones from the more distant past. 

With regard to the implications for future research, it is first noted that students’ experience, as measured 
in this research and documented via exploratory factor analysis, is a multidimensional factor which involves the 
role of the teacher, the textbooks employed, the lab work and the overall impression. Thus, the present research 
points to the fact that a combination of educational interventions should be employed in order to enhance 
undergraduate students’ motivation to engage more intensely in chemistry and physics learning during their 
studies. The documented more important role of the most recent academic experiences supports the notion 
that motivation to learn science is a malleable construct which is time-dependent and susceptible to changes 
which, if positive, they can contribute to the promotion of science education. 
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